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Enqinexb Department, 

Wathington, March 1, 1857. 

Hon. Jefferson Davis, 

Secretary of War, Washington. 

Sir : I have the honor to lay before you an account 
of some interesting experiments on the resistance to 
shot and shells, of masonry embrasures, which, on 
permission and authority granted by you, were made 
at West Point, in the years 1852-'53-'54 and '55. 

With the hearty concurrence and valuable aid of 
the several officers of engineers who, within that 
period, held the superintendency of the Military 
Academy, namely, Capt. Henry Brewerton, Col. R. 
E. Lee, and Major J. G. Barnard ; these experiments 
were conducted under my instructions, and most of 
the practical results obtained under my supervision. 

The following officers of engineers were employed 
in the construction of the embrasure targets, or in 
making notes, and keeping the record of proceedings, 
or in arranging the papers for the presSf namely, 
Lieuts. Kurtz, Donelson, Gillmore, and Craighill. 
The drawings, and sketches of eflFects were, for the 
most part, made by Lieut. Gillmore, who made up 
the tabulated record of proceedings, introduced with 
little or no change in the following pages, and who 
also introduced into the official record, many beau- 
tiful and expressive photographs, taken by his own 
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hands, of the targets in their successive states of 
injury and ruin. 

Majors G. H. Thomas and Fitz John Porter, of the 
Artillery, gave in succession very valuable aid in pre- 
paring for and directing the firings ; which, however, 
for a portion of the time, were in charge of Lieuts. 
Donelson and McPherson, of the Engineers. 

The results of these experiments, of great import- 
ance to the defensive system of the country, are 
entitled to entire confidence, and are of augmented 
value, on account of the scrupulous care and exact- 
ness with which all details were wrought out by the 
zeal and intelligence of the above named officers. 

Other officers of the army on duty at West Point 
assisted at different times at the experiments. 

The principal objects of the experiments were : — 

1st. To ascertain the effects of firing with solid 
balls, with shells, and with grape and canister, from 
heavy ordnance at short distances, upon various ma- 
terials used in the construction of casemate em- 
brasures. 

2d. To determine whether these embrasures might 
have a form that would shut out most of these mis- 
siles, and resist for a time the heaviest, without 
lessening the sector of fire, horizontal and vertical, of 
the casemate gun. 

3d. To determine the degree to which, without 
injury from the blast of the gun, or lessening its scope 
of fire, the' throat of the embrasure and also the ex- 
terior opening might be lessened. 

4th. To determine whether all smaller missiles 
might not be prevented from passing through the 
throat into the battery; and whether the smoke of 
the blast of the gun might not also be excluded by 
simple and easily managed shutters. 

Other interesting matters were carefully inquired 
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into, during the course of the experiments, and all 
results of interest noted in the record of the firings. 

I must not fail to report here that all the work on 
the targets, except that of masons, stone-cutters, and 
smiths, and all the labor of moving, mounting, and 
serving the guns, was done and performed by detach- 
ments of the Engineer Company, with great zeal, 
intelligence, and efficiency on their part, and with a 
material saving of expense to the government. 

For the order of proceedings, the results, and the 
practical deductions, I refer to the following report. 
I have the honor to be, 

Very respectfully, 

JOS. G. TOTTEN, 
BH Brig, Gen. and Col. Engineers. 
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ADDRESSED TO THE 



HON. JEFFERSON DAVIS, 

SECRETARY OF WAR, 

On the effects of firing with heavy ordnance from 
casemate embrasures, and also the effects of 
firing against the same embrasures with various 
kinds of missiles, in the years 1852-'53-'54 and 
'55, at West Point, in the State of New York. 



CHAPTEE I. 

INSTRUCTIONS AS TO BUILDING THE TARGETS — DESCRIP- 
TION OF SAME — AND TABLES OF FIRINGS FROM AND 
AGAINST TUEM. 

SECTION L 

General Description of the Two Embrasure-Targets. 

1. It is necessary to state in the first place, that JaTe uTrgeu. 
there were two embrasure-targets built, and experi- 
mented upon in succession. 

2. The fr St, erected in the summer of 1852, and ?;,?Xtf 
destroyed by firing against it in the autumn of 1853, ^"^^*'"«''^- 
consisted of a wall about sixty-seven feet long, ten 

feet high, and five feet thick; containing six em- 
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brasures, which are designated in the following pages 

as Nos, 1, 2, 3, 4, 5, and 6 ; they are shown on Plate 

II., Figs. 1 and 2. 

%c^^tu}n!i 3. And a second^ of about the same dimensions, 

wcon tar- ^^.^^jg^ jj^ 1854, and destroyed in 1855. This target, 

containing three embrasures, namely, Nos. 7, 8, and 
9, is exhibited on Plate III., Figs, 3 and 4. 
hl'r^deJcri^' 4. As it may conduce to a clearer understanding 
urgeu, aSd of thc objccts lu vicw, the process followed, and the 

the results , , , 

ie wtte''*^* results obtained; the descriptions of the targets, and 
the tabulated results as to each, will be kept separate, 
the latter given in the order of proceedings. 
ra*dTfl*om 5. And to assist in the explanation, some extracts 
D«?mJ- will be made from the directions issued from the En- 
gineer Department for their construction. 



structioQS. 



SECTION II. 

Instructions for Building First Target — Description of 
Mortar and different Concretes used. 

fromYeuor 6. lu tho iustructious of July 14, 1852, addressed 
BrewSrton. to Capt. Hcury Brewerton, then Superintendent of 

the Military Academy, West Point (N. Y.), it is said 

by the Chief Engineer : — 
a^r *• " I have long deemed it of great importance that 

maa6 on ma* ■m » » • jiiii ij 

teriau for " somo dccisivc cxpenmeuts should be made to ascer- 
"tain, of the materials generally applicable to the 
" construction of embrasures for casemate guns, which 
" is the better in reference to the effect thereon of an 
" enemy's fire ; and I have now obtained the consent 
" of the Hon. Secretary of War that some experi- 
" ments of that nature should be made. 

^yir^^ 7. " A range of 200 yards will suffice ; and is, per- 
" haps, the best for the objects in view. These objects 
are principally two, namely, to ascertain — 



embrasoret. 



safflcieut. 
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" 1st. The eflfects of solid shot from guns of large i«t object 
calibre upon different kinds of masonry around the 
embrasure, and especially upon the material consti- 
tuting its outer edges and the flaring surfaces, and 
also the effects upon the throat of the embrasure. 
" 2d. The effect of grape and canister shot upon sa object. 
"the outer surfaces and throat, and the number of 
"balls that pass, either directly or by reflection, 
" through the embrasure into the casemate. 

" And it may be advisable to profit by the oppor- 
" tunity in making, 3dly, some trials of the effects, ^ object 
" upon the same materials, of shells fired horizontally. 

8. " In order to the execution of these objects, General ai- 

•' mensions of 

" there has been prepared in this office, and approved ^''«**- 
" by the Secretary of War, a drawing of a masonry 
" target 67' 8" long, 5 feet thick, and 10 feet high 
above the foundations ; containing six gun embra- 
sures of dimensions adapted to casemated batteries. 

9. ^'Embrasure No. 1, being that on the right, Embrwure 
" looking at the target, will be made of large blocks 

" of granite, rough hammered on the faces, but with 
" well cut beds. 

10. '^Embrasure No. 2 will be made of cement- Embrawre 

No. 2. 

''concrete; and will be surrounded by granite ma- 

"sonry. Both these embrasures (and also No. 6) 
are of the general form and dimensions of those 
last constructed in the fortifications ; and like those 
formerly constructed, excepting that the exposure is 

'*made somewhat less, by rounding the junctions of 

" the cheeks with the sill and lintel. 

11. ^^ Embrasure No. 3 is made of cement-concrete ; Embrwure 
" and is surrounded partly by the same kind of con- 

" Crete, and partly by rubble-stone masonry. The 
** throat of this embrasure is materially lessened ; and 
'' is formed by a mass of wrought iron eight inches 
" thick, composed of sixteen plates each half an inch 



cc 
cc 



cc 
cc 
cc 



38 



CASEMATE EMBRASURES. 



EmbrMure 
No. 4. 



Embrasure 
No. 5. 



Embrasure 
No. 6. 



To lessen 
exxranse, 
certain de- 
tails to be 
omitted, &c. 



Other means 
to lessen ex- 
pense. 



"thick; and the outer concrete cheeks are notched, 
" so as not to present oblique surfaces to an enemy's 
" missiles. 

12. '^Embrasure No. 4 is made of asphaltic-con- 
" Crete, and is surrounded by rubble-stone masonry. 
" One-half the throat and one cheek are like No. 3. 
" The other cheek, including the throat, is provided 
"with three wrought iron plates, each 6" by 2"; the 
" cheeks being notched, to expose parts of the surface 
" of these plates, in planes parallel to the face of the 
" wall. 

13. '^Embrasure No. 5 is composed of blocks of 
"lead-concrete on one side, and of cement-concrete 
" on the other — all being embedded in a brick wall, 
"or rather a wall of rubble masonry, faced with 
" bricks ; both the outer cheeks of this embrasure will 
"be notched and supplied with plates of wrought 
" iron 6'' by 2", like those last described in embrasure 
" No. 4. 

14. '^Embrasure No. 6 will be made of brick work; 
" and surrounded by brick work backed with rubble 
" masonry. 

15. "To lessen expense, the details of tongue holes, 
" pintle holes, and other matters necessary to the ser- 
"vice of guns in embrasures, but not contributing 
" to the strength of the wall, will be omitted, except 

in embrasure No. 3 ; and this must be fitted to re- 
ceive a gun, in order to try the eflfect of the blast upon 
the throat irons — this being the first experiment to be 
" made. Of course the ground behind this embrasure 
" must be levelled, and some planks pinned down to 
" the earth to serve as traverse circles. It will be 
" necessary also, probably, to throw up a small mound 
"of earth to receive the balls fired from the em- 
" brasure. 

16. "With the same object of lessening expense. 
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"the back face of the wall will be laid up of the 
"cheapest material. This may be rubble masonry, 
" but if a facing laid with common bricks will be less 
"expensive, such should be adopted. ♦ ♦ ♦ ♦ 
" Behind the target, and at the distance of about three ^e'er^t^** 
" feet, there should be erected a rough board fence to Itu""^ **" 
" show the marks of all balls or fragments that pass 
" through the embrasures. ♦ ♦. ♦ ♦ 

17. " The enffineer company should construct the 5°«»neer 

o r J Company to 

" platform for the gun that is to be used against the ii"piat' 
" target. If you have a 32 pdr. or a 42 pdr., dther ""'"* 
"will answer. The same company should lay the 
" plank traverse circles for the casemate gun of em- 
" brasure No. 3 ; any gun that you may have mounted 
" on a casemate carriage will do for this service. I 
" mean, of course, 24, 32, or 42 pdr., or 8 inch colum- 
"biad. ♦ ♦ ♦ ♦ 

18. "On further consideration it is deemed better change in 

embraaure 

" to make one of the outer cheeks of embrasure No. 3 ^"^ ^' 
" of bricks ; leaving the other cheek as before stated, 
"of cement-concrete, the sole and lintel being of 
" cement-concrete.'^ 

19. In building the targets, the mortar used in Jf'^^^pjJ^'' 
laying the stones and bricks, and in compounding the 
cement-concrete, was composed of one measure of 
cement* in dry powder, and one of clean sharp sand. 

20. The ^^ cement-concrete^^ was made by mixing: ^»«'^p"««» 

J o of cement- 

with rather small fragments (say from half a cubic 
inch to six cubic inches each) of bricks or stones, 
clear of all dirt, a quantity of the mortar just de- 
scribed, somewhat greater than the measure of the 
void space in the bulk of fragments. 



concrete. 



* The term " cement'* is applied in these notes, as generally in this country, to a 
material possessing considerable hydraulic energy. The test applied to inspections 
under the Engineer Department, requires generally that a cake made of pure cement, 
immersed in water before hardening, shall in a few minutes, support a wire Ath of an 
inch in diameter, loaded with the weight of one pound. 
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wucwto.*^ 21. The ^' asphaltic-concrete^^ was composed of like 
fragments of bricks or stones, into which was poured, 
while hot, a quantity of asphaltic mastic rather ex- 
ceeding the measure of the void spaces — the propor- 
tions in the mastic of pure asphalt to the " calcaire," 
being such that the mastic would retain its form in 
the face of the summer's sun at West Point. 

wete."^^" 22. The ^^ lead-concrete^^ was formed of like frag- 
ments and in like proportions. The fragments were 
well heated before being poured into the mould, and 
the melted lead was added immediately. 

ewi^^wu- 23. There was no practical difficulty in making 

^ these blocks of lead-concrete, and asphalt-concrete, in 

place; giving to them accurate forms and dimensions, 
with surfaces even, and free from hollows. 

?mbrM"w 23 bis. In Figs, a and 6, Plate IV., are exhibited 
the details of wrought iron shutters that were mounted 
by hinges upon the iron throat plates of embrasure 
No. 3. 



No. 3. 



rmiNG FROM FIRST TARGET. 



SECTION III. 



Titles, from 1 to 1 inclusive, of firings from and against the 
Embrasures of 1st Target ; and remarks upon Table No. 1. 



FiRIMO FROM l8T TaROET, THBOUOE EmBRABVRE No. 3, TO TBBT THE EFfECT 
OF THE BLAST Of THE OON UPON THE EMBRASURE. 





Gan, 42 pdr. 


Length lO- e' 


: Weight fi4tiS lbs. Casemate Carriage. 


■5 

II 


1 

3 


it 


1 


1 
B 


1 

3 


UiinKKS— N.jvfrnbor 11. ls.\1. 


!.«. 


lb.. 1 lb.. 1 


d,r".| 




1 


42 


10 


Ball 





Direct 


No eftact, escept pntilalty rloBing (he gliQldTa. 
Tlie; nere fuuuii ajar, afti>r the dinclmrge. 




42 


10 


Ball 





BO 
OblWne 


No eSoct, except partially cloeing tiie aliulli^rs. 
The jolutB l)etween the Iron platoa and the 
brich and cement on eilhor side unaltered. 


3 


42 


Id 


Ball 





IBO 
ObllqM 


No effect, eioopt pnrtiallj closing the ahnllert. 
The Joints between the Iron piatea and the 
■brick and oement on either aide unaltered. 


4 


42 


10 


BtU 





223 

Obllq«. 


The shutters remained open, perhaps became 
the monnd erected in front to receive the 
shot, being lousSderttbly blown araj' by the 
mevions discharges, the blunt was diminished. 
The joints aronnd, and eilerior to, the throat, 

ment whatevor. 


C 


42 


10 


Ball 





30O 

Obllquu 


closed after the discharge; llie marks left 
upon the salient of the offsets noarest the 
shutters, indicnfed that the tendency of the 
blast to presB them further open must have 
been Tery Bevero. 





42 


10 





G 


Dlreot 


Tliick nod of turf insleaJ of BaU. No effect 
upon the embrasure. Tlio Gunner noarest Ihe 
piece thought the shuttere closed at the dis- 
clinrge and then rebounded. They remained 
partly open. Tlie marks upon the comers of 
the nearest offset considerably enlarged, re- 
sembling the effects of a blow from n hammer. 
The straps of the hinges are the only porlians 
of the shntters which can bo put iu coulact 
with the ol&ots. 
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CASEMATE EMBRASURES. 
Tablb No, 1 — Continued. 



IE 


1 

i 


li 


1 


1 


1 


n....„,„.... .,.,». 


K„, 


11* 


ibL 




ae,™.| 1 


7 


42 


:o 





G 


Direct Thick wad of turf Instoftd of Ball. No effect 
upon the embrasnte. Some moUt cUy, of the 
conaiBtence of dough, was placed (before the 
discharge) against the exterior of the goi^a 
plate, to show whether the shatter? aotaallj 
closed or not. From tbit it was ascertained 
that only one of them closed entirely. They 

The marks of their ooDcnssion against the 
salient of the nearest offset enlarged. 












H. B.— The particnlar effect of this series of 
shots apon the shatters was to strain the 
straps of the hinges at the rivets nearest the 
eye, oansiug the shutters to bind against the 
gorge plate, and thus prevent tlieir closing 
perfectly. It was probably occasioned by the 
blast taking effect partly behind them, throngh 
the opening between them and the gorge plate, 
and tending to foroe them from their fasten- 
ings. The striking of the ehntters against tlie 
offset may have assisted in producing the 
same thing. The strain upon the straps of 
the hinges was confined almost entirely to the 
lower ones. 



Before proceeding to the results of subsequent 
firings at the 1st target, it may be well to remark on 
those recorded in the table just given. 
ii^ft^r' ^** Up**"^ ^^^^ embrasure (No. 3), of which the 
."«mKt outer cheeks were of cement-concrete on one side, 
*""*'■ and of brick work on the other, no injurious effect 
whatever was produced by the blast of the gun, when 
fired directly to the front, or when traversed as much 
as 30 degrees from the directrix ; or when elevated 5 
degrees^ — which was all that the embrasure would 
allow. In respect to the form, dimensions, and mate- 
rials, of the embrasure itself, the results were perfectly 
satisfectory. 

T^ifi*' ^^' ■^"* '* ^^ °°* ^** ^'^'^ *^^ shutters. These 
'"•"■ consisted of two leaves, and were found to be not 
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strongly enough hinged to the vertical throat irons. 
Nor were they truly centered on their hinges, even 
before they were deformed by the firing. 

26. It was clearly shown, however, that shutters s^ntten, 
mounted like these, and as light — ^however it may n^Mi^"^' 
prove to be with heavier ones — ^will, if well centered, 
always close spontaneously on the discharge of the 

gun : some device being necessary, however, to keep 
them from opening again, by rebound. 

27. Moreover, subsequent firing against these shut- J^^^^J"^"^^' 
ters — which were made of " boiler iron" half an inch JTsfmiints 
thick — ^proved them to be too weak to resist, without iaVge7thLx 

^ musket 

being deformed, and thereby rendered useless, any ^aii« 
missile fired firom a large gun, within a short distance, 
if harder and larger than a musket ball. See in the 
following tables, the firings Nos. 14, 20, 21, 22, 25, 
28, 47. 

28. The tables 2, 3, 4, 5, 6, and 7, which follow, Tabie.x,f 
give the effects of firing against the 1st target with Xur^t 
large and small canister shot ; with grape shot ; with 
musket balls in canisters ; with spherical case shot ; 

with solid shot, and with shells. 

29. The terms "right" and "left," used in all the Term. 

^ ' ••right" and 

tables of firing at the target, mean the right and left Jng^^'the^" 
hand, when looking at the target from the battery. '''*^'* 

30. In the tables of firings from the target, the t«™u^„ ^^^ 
same terms mean the right and left hand, when look- Ili/^jj the" 
ing out of the target embrasures, to the front, at the ^'*^'' 
battery. 

31. In figures, the single dash at top indicates feet f^y^^* 
—the double dash, inches ; for example, by 3' 6", is ^,;^*' 
meant 3 feet 6 inches. 
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CASEMATE BHBSASURES. 



Table No. 2. 

FlBIMQ AaAINBI FIRST TaBOET WITH CaNISTXB ShOT WEIOHINO 1^ LBS. EACH. 



Qun 42 pdr., leugtli ICK 9", irelght 8,46G lbs. Total weight of canister 48 lbs. 
Platform level witli bottota of target. Namber of shot In ooniater 2T> 

Axis ot gun 4 feet abore platform. Mean diametet of eaoh shot 2} Ineliei. 



■s 

II 




■5 


! 


ill 1 
SIj 1 


i 

5 


i 


REMiBD— MoTemlwr 14, 1U3. 


No. 1 llNi. 


1 .i.d. 


ib.. J.-grM. 


j-rti. 


»t 




8 


42 


* 


Can'r. 


4S 


' 


200 


No. 3 


In all, 1 BhotB fltruofc tbe targal. One 
tore off the oomer of the outer right 
oBaet of No. 3, brenkiBg pieoeH from 
6 briaks, bat went no further. Oii« 
Btmck concrete of Mo. 'i, on the left 
upper exterior odge, making an im- 

by 3 inches deep. (Plate V., Kg. B.) 
Four struck atone work, producing 
no effect. One atruck left outer edge 
of concrete of No. 2, making a crater 
10 inches diameter by 2* iaches 
deep. (Fig. 6.) 


S 


42 


i 


Can'r. 


46 





200 


No. 1 


In all, B shota straok target. BlxBtraok 
the ooUide itone snrface near Kos. 
1 and 2, without effect. One struck 
on tbe lea exterior solid angle of con- 
crete of No. 3, knocking off an Irre- 
gular laass abont ItJ inobea high by 
9 inches broad. Two, on the right 
hand lower ourved portion of face ot 
No. 1, producing no effect on the 
atone, but passed in, one making a 
mark, by ricochet, on the inside 
lintel ; on the screen behind were 13 
holes, all made by fragments of these 
broken shots, all to the left of the 
axis of embrasnre— the exlrerae one 
4' 10" dlsUnt ; they were spread over 
an arcs of 4 feet by 3 feet. 


10 


42 


,i 


Can'r. 


48 


i 


200 


No. 1 


Nine shots struck target. One passed 
through No. 1 without touching, 8 
struck thegranite face without effect. 
One struck concrete key of No. 2, 
crater B inches diameter by 24" deep. 
(Fig. 7.) 


11 


43 


i 


Can'r. 


48 


I 


200 


No. 1 


In all, B shots Mrack target- One on 
the Inside of the uppor left hand 
curved surface; reflected through, 
making 2 holes in screen with its 
fragments. One struck concrete face 

Eight struck fcce of stone work with- 
out efleot. 



FIRING AT FIBST TARGET. 
Tablb No. 3 — Continued. 



ill 


i 


1 


■Si 


1 


J 


1 


Rsl,L<,Kl^-S^nmbn 14, lEU. 


N». 


ib.,| 


kind. 


m- 


dogree. 


yd.. 


« 




12 


43 


i 


Caa'r. 


48 


i 


200 


No. 2 


Eiyht shots stmclt. Two struck oon- 
crelis of Mo. 3 on outer (hvb, niafaing 
holoa 10" iliameter and 4" deep. Ko 
other effects. 


13 


42 


i 


Can'r. 


43 


i 


200 


No. 2 


Ten ahots Btrnok stone facing wilhont 
effuct. One stmok concrete face of 
No.3,witlilittle. Ono prvsaed Ihrongli 
Ko. 2 without touDhlng. In all, 11 
eliots hit target. 
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Cun'r. 
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No. 2 


Five shots hit the tai^t. One htt the 
right cheek of No. 1, without effect 
on the Btona, bnt passed through in 
fragments, making 5 hotea throagb 
screen orer a iurface of about 3} feet 
in diameter, and marking the screen 
vilih manj smaller fngmetiU, Any 
one of which would wound, and pro- 
bably some of them kill. One struck 
No. 3 on right hand offset, breaking 
off nboQt i of two brloka, and stopped. 
Two struck the shatter of No. 3; tliey 

deatations from i to J iucli deep. 
Cine struck left ooter edge of No. 2, 
glanced lo the opposite oheek, neu 
throat, and stopped. 
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casemate ehbbasubes. 
Table No. 3. 



PiBlMG AGAINST IST TaEOKT WITH CaNIBTEE ShOT OP Sy^TH OHNCBB EACH. 



Qnn 42 pdr., length 10' 9", freight B,4GS IbB. 
Platform level with bottom of target. 
Axis of gaa 4 feet above platform. 



Tirentiz-lhree shots struck the target, 
and one passed throaghNa. 2 without 
tODOhiiig. Effeots of principal abots 
as followB : One stmck concrete to 
the right of No. 2 on the oater face 
of wall, giving a oniter of 3" dia., 
3" deep. (Fig. 8, Plate V.) One 
Btrnck concrete key of Ho. 2, little 
above lower edge, giving crater 3" 
dia., 3j" deop. One struck con- 
crete to the left of opening of No. 
2, giving a crater 3" dia., and 1^" 
deep. Two struck concrete wall, to 
the right above No. 3, giving a single 
crater 6" dia., and 3" deep. One 
struck right comer of right-hand 
shutter of Ho. 3, then glanced to 
gorge plate, making a shght imprea- 
Bion, and robounded to first oQaet, 
knocking oOf the comers of 2 bricki. 
Two ahols itruck to the right of No. 
G, In the Joint between concrete and 
brick work, giving craters 3" to 4" 
dia., and 1" to 1^" deep. Our struck 
exterior portion of right cheek of No. 
1, broke, and poajed in fragments 
through the screen, making G holes 
on left of axis, the nearest one 3' 
from it. Nnmerons small holes were 
made by these fragments in the 
Boreeu, besides those enumerated. 



Ticenlg-nine shots struck the target, 
and one went through No. 1 without 
toaching. Principal ones as follows: 
One struck the left ottteredge of sole 
of No. 1, knocking off a small piece 
of grauito, then glanced up to the 
roof and stopped. Two shuts in the 
concrete of No. 3, outer face of wall, 
crater about 4" dia., and 21" to 3" 
deep. Oat shot in loft outer edge of 
No. 2, enlarging old fracture. One 
shot in concrete of No. 3, to the left 
above, enlarging old crat«r; and one 
in the asphalt key of No. 4, near the 
top, giving crater 5" dia., li" deep. 
(Fig. 18.) 



FIBING AT FIRST TARGET. 
Tablx Xo. 3 — Gonfinued. 
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42 
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Can'r. 


48 
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200 


No. 3 


Forr// Eliots slruok Uio target. One 
paaaed through Ko, 1 without loooli- 
ing. Onepnsufld UironghNo. awilh- 
oQt toaohiug. Five shots in ooncretti 
of Ko. 2, on onUr feoe of wall, giving 
craters about 4" dia., and 1^" to 2" 
deep. (Fig. 9.) One shotin concrete 
kay of Ko. 3, inoresBing the depth of 
old crater to 5". Six shots in con- 
Crete of No. 3, oater face of wall, 
giring craters about 3" din., 2" deep. 
One shot stfuck the right outer edge 
of asplialt No. 4, knocking off a mass 
1" high and 4" broad. One shot 
etrock the right upper edge of asphalt 
of No. 4, broke off a small piece, then 
glanced to outer offset, knocked off a 
comer, and stopped. One in uon- 
orete, to left below opening, oraler 
3"dia.,2J"daep. One in Joint above, 
the shot remaining in the fracture. 
Tu-o Kbota in lead oonorete, ooterfioe 
of wall of No. 5, giving a crater equal 
in width and depth to the diameter 
of the ball. (Figa. 20 and 21.) tMf 
shot struck left oheek near the outer 
edge, glanced to the Qrst bar, and 
stopped. Several shots in the brick 
wall around No. 6, produuing oraters 
about 2" din., and IJ to 2" deep. 
(Figs. 16 and 17.) 
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200 


No. 3 


Thirls-Jive shots struck the target. One 
in oonorete of Ko. 2, outer face of 
wall, giving crater B" dia., and ^'■ 
deep. One in concrete sill of No. 3, 
at bottom, crater G" dia., IJ" deep. 
(Fig. 10.) One in oonorete of No. 3, 
outer faoe of wall, near the top. One 
near the bottom of the asphalt. No. 
4, crater 7" din., and ^" deep. (Pig. 
1«.) One shot in lead concrete jamb 
of Ko. 5, crater, nldlh and depth of 
diameter of hall very nearty. One 
shot struck the left throat ptale.aud 
slopped, making a very slight inden- 
tation on the iron. 
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200 


Ko. 3 


Thirty-lkree shots stmok the target. 
Two shoU in concrete sill of No. 3, 
outer face of wall, crater t" dia., and 
]4"decp. One on the left jamb enter 
face of No. 3, enlarging the former 



CASEHATE EMBRASURES. 
Table No. &~~Oontimttd. 
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fraotura. Three in concrete of No. 
3, on outer fnoo of wall, to the left 
above, two of them forming one crater 
10" to5"dia.,aiid 2i"to 3i" deep; 
the third crater B" dia., and S" deep. 
(Fig. 11.) One atnicktlie right onter 
edge of asphalt of No. 4, 4" from the 
edge, prodaoing eraoks 7" or 6" long, 
esteoding to the edge. One ihot 
struok the right outer cheek of No. 
(brick), BDd then glanced throngh 
the screen, to the left of the azli, 
without breaking. 


20 


42 


i 


CM'r. 
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200 


No. 4 


FoTty-one fihots struck the target. In- 
Bide the opening of No. 4 wera 6 
BhotB, TiK; One shot fllrock inner 
right handoffaet, at re-entering angle; 
"knocking off a mass 17" high, 5" to 
6" broad, and then atopped on gorge 
plate. One straok right almtter near 
the bottom, making a slight indenta- 
tion through the two thicknesses of 
boiler iron. One stmok left shuttat 
(J" thick) making an indentation \" 
deep, and cracking open the plate. 
One atmck left gorge plate, broke in 
pieces, making a very slight indanta- 
tion, but producing uo other elTecl. 
One shot struck the edge of this 
plate, then glanced to the left shut- 
ter, making a slight indentation. Ko 
marks ou the acreea behind No. 4, 
or on the inner portions of the cheeks. 
One shot struck inner right band off- 
set, knocking off parts of 2 bricks, 
4" in height, then glanced to the 
gorge plate, where it made a very 
slight indentation. One on concrete 
sill of No. 6, knocking off a mass 6" 
or 7" broad, and 2" to 3" deep. 
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No. fi 


Thirty-Jive shots struck the target. Two 
sbola struck the Inside of No. 3, one 
of them on the right shutter near the 
hinge, making a alight indentation, 
the other on the hook abOTe, then 
glanced to the gorge plate, then to 
first offset, and stopi«d, making a 
Blight indentation on the iron. One 
shot struck the lap of the right shut- 
ter, cat oat a piece one- half the size 
of the ball, glanced to the left shut- 



FnUHO AT HBST TABGET. 
Tabu No. 8 — Oonttnued, 
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ter, broke in pioeaa, bnt meat no fur- 
ther, leaving a smnll Impression on 
the left Hhntler, Two shots slruok 
tbe lead concrete of No. t to tha left 
b«low on exterior surface of tlte nail, 
one reuiainBd imbcdiied b litUe more 
than its own thickness. 
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No. 6 


Fortj shots alruck tbe target. Two 
shots Btraok the outer comer of con- 
crete in No, 3, glanced and sti)pped 
without touching the Bhotters, knock- 
In No. 4, one ahot struck the upper 
comer of tbe left gorge plate, broke, 
and tbon glanced in pieces to the 
left shutter, and across to the oppo- 
site gorge plate, and stopped; very 

No. 4 also ono shot struck the aa- 
phalt on left hand oomer, crater ti" 
dia..2)"deep. la No. B, one abot 
Btrack concrete oheBk, glanced to the 
middle plate, and was stopped. One 
flhot struck tbe shttttere at their 
Janotion, spread them open, breaking 
two hinges off the right shutter, aud 
strained the left shutter hingaa : no 
marks of further progress. (These 
shutters ore single i" pUte.) One 
Btmok in No. & at the upper right 
comer Rud slopped. ' Three shots in 

One in lead joint on the left below, 
with the Dsnal penetration. One 
shot Btmok the right out«r cheek of 
No. C, broke in two pieces, and passed 
through the screen at the left ei- 
treme range. One struck left outer 
cheek near the throat, glanced irilhlu 
2" of inner opposite comer, ond pass- 
ed through the screen without break- 
ing. Two shots struck the sill near 
the sole and stopped, knocking off 
comer of one brink each. 



CASGHATE EHBBASDBES. 



Table No. 4. 

FmiNO AQAINST IST TaEQET WITH QrAPB SbOT — EACH TTElOmNQ 4.20 LBS, 

Onn 42 pdr., leDgth ICK 9", irsigbt 8,465 lbs. Total weight of stand of grape 51^ lbs. 
Platform level with bottom o( target. Namber of ihot in each etimd 9. 

Axis of gaa 4 tt. alKive platform. Qiam. of each abot 3.17 inches. 
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4 Hhots Htrnck the tnrgot, one to the 
left below Ka. 6, crater 8" dia. 6" 
deep (Fig. 14); shot rebonnded— 
one ou the left end of the tari^t, 
crater 9" dla. 4J" deep, cracked s 
mass 4' 1" in height, reaching from 
the hole to the edgo, also a eraok 
from the hole to the top of the wall 
to the right. 
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200 


No. 6 


4 shots strnck the target, one on Ihu 
outer right corner of 8ole of No. G, 
knocking off a maes 4" deep and 8" 
dia.— one on tbo outer edge of aole 
of No. 6, glancing to the upper in- 
terior edge, where it made a small 
cut, and then paused over the screen 
without breaking. Another sbot in 
the brick work on the outer face of 
the wall i crater 8" wide by 4" deep 
(t-ig. 13); one on the left edge of 
the wall of the target, cutting out s 
segment about S to 6 inches high 
and 4 inches broad. 
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No. B 


6 shots almck the target— one stmok 
concrete sill of Ko. B, 1' below sole, 

the edge of the middle plate, left 
hand side, glanced to the edge of the 
throat plate making a small notch 
nbonl ^ inch deep In each, and then 

rying awaj the right shutter; two 
hinges of whloh wore previously 
broken off — one passed directly 
tbrongh the left abutter (i" iron) of 
No. 6, knocking a boanl off the 
screen behind, and filling the screen 
with many fragments of the shatter 
—one simck the right hand centre 
cheek of Xo. 6, and glanced Ihrongli 
the screen, to the left of axis about 
3', without breaking. 



FIBING AT FIBST TABGET. 
Tabu No. 4 — Contimud. 
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5 Bhotfi struck Ihe target dLrect, nnd 2 
liy a ricochet, a Biilinter from llie 
bottom of the stand Blnick the Iwad 
work ot No. G, and stuck there. 
One atrach tlie hrick to the left 
nbove No. 5, orator, dia. aiia of the 
ball anrl U" deep, crnckioK the brick 
work 6" or 10" around. 
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3 sttotB Btruck the target; one itmok 
the concrete abova No. 3. crater V 3" 
dia. 3" deep. (Pig. 12, Plato V.) A 
mark mado on the granite above No. 
1, to the left. One slraok the lower 
part of concrete sill of No. S, at jono- 
tion with the lead, crater 4" dia. and 
3" deep. 


28 


43 


i 


Grape 


H* 


i 


200 


No. 4 


(i Hhota atmck the ta:^el. one fo thu 

ably, making it ly or 2' in length- 
one in the granite between Nob. 3 
and 4, cracking tha block slightly, 
but little pauBtration— one passed 
through the left ahntter of No. 4, 
and through the screen, making 
teveral holes by the fragmenta of 

concrete and the brick, below No. B, 
oraterl'3"d]a-and3"deep. Others 
hit the gmnilB bat prodnoed no 
effect. 
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5 ahota alruok the target, ono struck 
the lead concrete Unlel of No. 5, 
cmter dia. of the bait, depth § dia. 
ot the ball— one atrnck the outer 
edge of the oonorete aill of So. S, 
glanced and struck the upper inner 
edge, and then passed tlirongh the 
screen without breaking. (Figs. 22 
and 23.) 
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3 ahota alruok the target, one struck 
the iron gorge plate of No. 4. on the 
right, near the Junction with the 
offset, carrying away part of the off- 

the iron not quite J" deep, and was 
stopped. The other two atmok the 
granite. 



CASEMATE EKBRA3VBES. 
Tabli So. 4 — Gmtiaaed. 
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4 Shots Rtrnck the target. The only ona 
of foterest was in No. 3, whers the 
shot struck the right outer edge of 
eonorete bH), tore ont B mass 11" 
wide and 6" high, and then glanced 
np, and xtruck the inner offset on 
the right Bide, tore off the oorneni of 
4 bricks, and stopped. All the frag- 
ments which this shot created were 
alopped by the ahultara. 
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Only 1 shot struck the target, viz., on 
the granite above No. 1, no effect. A 
fragment passed tlirongh No. 2, into 
the screen, probably from the Btand 
of grape. 
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3 ehotB struck the target. No import- 
ant effects. 


34 


4fl 


1 


Grape 


64 


i 


200 


No. 2 


5 shots Btmok the target, one directly 
under No. 1, and cracked the comer 
off tlie granite block 8" or 10"— one 
struck the top of the brick wall over 
No. 5, and took off 4 or 5 briaka. 
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a shots struck the target. The only one 
of importance, struck the upper 
outer edge of No. 3, between the 
brick and concrete, knocking off a 
niaaa 7" broad and 3" deep. A frftg- 
ment of the Btaud passed through 
No. 2, into the sureen, but not 
through It. 
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5 BhoU struck the target, and 2 passed 

screen without touching. No im- 
portant effects. 
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5 shots atrnck the target. The only one 
of consequence, struck the concrete 
lintel of No. 2, 1' above outer edge ; 
orater 1' wide and 3" deep, and 
cracked off ft mass 1' 3" long and 4" 
thick, down to the roof of the em- 
No. 3; little effeot, crater only 3" 
dia. and Ij" deep. (See Fig. lb.) 



, HILINQ AT FIRST TABGET. 



Table No. 5. 

FiBINO AGAINST IST TaBQXT 'WITH SPHERICAL CaSB ShOT. 

Onn 42 pdr., lengtli 10' 9", weight 8,465 Iba. 
Platform levol with bottom of target. 
Axis of gun 4 feet ahova platform. 
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No. 1, without touchlug, aud bnrat a 
short diatanee beyond. 
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Ho. 1 


The ahell Btmck the angle at the throat, 
on the right-hand side at the spring- 
ing of the upper curved surface — 
burst in the embrasure immeitittlely 
after Blriking, oarrjing awaj nu en- 
tire panel of the screen 6' 4" wide, 
and making namerous imprefiaionB 
with its fragments on tbu ground 
and bnsbes beyond. A small piece 
of granite was broken off tlia solid 
throat angle of the embrsEure, and 

the sole inside of the throat. 
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The Bhell Btraok the angle at the throat, 
on the right hand side, a little above 
the Bpringing of the upper curved 
snrfaoe, knocking off a pieoe M" or 
3" thick and 8" or 10" high, burst at 
striking, and earrle<l away au entire 
pone! of the screen behind, making 

buahea beyond. 
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Blglil 
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The shell struck the lintel of No. 2, to 
the right above, on outer surface of 
the wall, broke the concrete off for » 
diHtaoce of 3' horiwnUUy along the 
lintel, and penetrated S"— ahell ex- 
ploded as it Btmok, throwing name- 
rous fragments, through the embra- 
sure, and carrying away a portion of 
the screen 3' 10" square. (Figs. 31 
and 32, Plate Vll.) 
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The shell stmc.k 7" to the right above 
on lintel of No. 1, onter surface of 

ed off a pieoe of granite 1' G" long and 
B" high, extending onder the edgo 
about 4" or 6", cracking the lower Bur- 



CASEMATE EHBKASOBES. 
Table No. 5 — Continued. 
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face for 1' insida of the edge, oanted 
a Blight mOTeraent io llie joiEt, at tlie 
springing of the upper right cnrvad 
surfaco, from ttie froul to rear of the 
wall, and continuing on the inside 
from tho embrasure diagoually np to 
the top of the wall. 
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The eheil struck the right oheek of 
EiDhriLKnre No. 1, at the springing of 
the lower etured surfaoe— exploded 
aa it struck, and glanced in tiiune- 
roUB fragmenta to the screen, carry- 
ing away two entire panels. It 
opened the joint where it struck, 
moved the atone slightly in, and 
cracked the joint on the inner oheek, 
at its junution with the briok work, 
down to the sole. 
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60 mosket balls struck the target from 
both discharges. 

leaving the piece. Tliere were 7 
musket balls inside of the opening 
of No. 5, all at which were stopped 
by the offsets ; 2 went through No. 
B, without touching. 4Bmakelbfllls 
inside of the opening of No. 6, ail 
deflected inside to the screen. They 
wonld have been arrested by an em- 
brasure with exterior offseta^l mus- 
ket ball struck the cheek of No. 5, 
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No. 3 


No. 48 hurst immediately after leav- 
ing the piece; many frugmentB Irom 
the shall, and al^o many musket 
balls struck the target. 

No. 47 stmok the left shutter of No. 3, 
at its junction with the gorge plate, 
out out of the shutter a segment of 
fl" liigh and ^■' broad, knocked off 
a piece of concrete from the solid 
angle behind the gorge plate, 9" 
broad, eatending from the sole to 
the roar, loade an Indentation on the 
8" gorge plate 2i" to 2^" deep, and 
osnsed a material bending of the 
whole plate ; It also earned away 
both otbeta from the sole to the roof 
on the left. The shntlers were both 
left on their hinges. (See Fig. 24, 
PUtoV.) 



fiaiKG AT FIEST TARGET. 
Tabls mo. fi — Continued. 



II 


S 
3 


ll 


t 




1 


1 


i 


REi..iBK6-N.iveuibBr ifl, ISia. 


».. 


[i» 


kind 


lb.. 


J»gr«.|Td.. 


" 1 


















From No. 4li, ton mnsltet shote struct 
idthia Embrasure No. 4, and were 
atoppsd by the offBots. Two mna- 
het sliota passed tlirough. with- 
out touching, into the screen. All 
tlint struck No. 3, from the 46th 
round were flloppcd by the fihotters 
and oSiela, 
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No, 4 


Struck fi" to the left, of the left oulor 
edge of the asphalt chaak of No. 4, 
penetrated 7", dia. of crater, 2 ft. 
brofco the round anohoring bar of the 
onter plate, and eipioded, doing no 

in good condition for service. (Pigs. 
25 and 2fl of Plate VI.) 



CASEUATE EltBBASUBES. 



Table No. 6. 

FlRINO AT 1st TaBOET WITH MUBKSI BALU IN GaNIBIEB. 

Qnn 42pdr.,langthl0'9", weightS,4Sfi lbs. Total weight of cuiUter 48 lbs. 

Platform level witli bottom of target. Nojnber ot baUe in oanister 736. 

AxiB of gun 4 feet above platfono. BttUa of lead IS to the pound. 
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5 muaket bulls Blniok the Inaiae of the 
opaning of No, 5, and were stopped 
bj the ofleeta ; two passed throagh 
iulo the screen wilhoot toaohlng, B 
muafcftt balls straok the inside of the 
opening of No. 6, and were carried 
inside bydeflootton ftom the cheek; 
the Biftrkg of 4 of them were fotmd 
npon the screen. 3 mnsket balls 
Btnick inside of the opening of No. 
4, and wore stopped by the offsets ; 
2 went throngh into the screen with- 
out touching. 1 stopped by the off- 
Bet In ^'o. 3, and 1 passed tbroagb 
embrasure No. H without touching. 
1 passed through No. 2 without toooh- 
ing. 


62 
S3 


42 
4S 




Con'r. 
Can't. 


48 
48 




200 
200 


B 46 


13 musket balls struck the cheek of 
embrasure No. 2, and were deflect- 
ed inside, and 7 paesed through 
withoat touching. 

IB musket balls struck within the 
cheeks of No. 3, and were stopped 

without toncUing. 


M 
5S 

66 


42 
43 

42 




Can'r. 

Can'r. 
Cnn'r, 


43 
48 
48 


1! 


200 
200 
200 


Bulwp.'D 

2&3 
2&3 

BotWHO 

2&3 


10 muaket balls stmck within the 
checks of No. 4, and were stopped 
by the offsets, and 9 passed tbcough 
without touching. 

13 musket baUs struck within the 

were stopped by the offaets, and 3 
passed throngh without touching. 
3 mnsket balls strui'k the cheeks of 
embrasure No. 6, and were de- 
flected, and 3 passed throngh with- 
oat touching. 6 muaket balls were 
deflected to the screen, by the 

mnsket balls passed throngh em- 


/ 


/ 


/ 












-ioTR.— All the balls that struck within 
the opening of tbe embrasures with- 
out offsets, passed through eithet 
directly or by deflection. 

n those with ofl^ets, 41 out of 5S were 
stopped by the offsets. 18 passing 
withoat toaohlng. 
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Table No. 7. 
Fiaraa at Isr Tasqet with bolid Balls asd Sh] 



Oon 42 pdr., length 10' 9", weight 8,486 Ita. 
PlatTonn level with bottom of target. 
Axia of gun 4 feet above platform. 


Weight of ball 42 pomids. 


II 


i 


ii 


1 


11 


1 


J 


1 




So. 


Jbi. 




klKd 


Ibt deg™. jrO^I .t 


49 


42 


i 


Bolld 
baU 


42 


i 


200 


No" 5 


Struck the left onler edge of the cheek 
of No. G, lapping od the outer face of 
the wall about halt the diameter of 
ball, diverted a ver/ little to the 
right, Btrack the oater plate, at the 
centre, tore oat a piece of 1' high and 
4" wide, brobe, and one piece glanced 
to the inner oppoaile oheek, making 
a alight mark on the concrete ; two 
or three other pieces flew against tha 
oppolite cheek. The iron i)lato, b«- 
aidea being broken, wae jarred, ons 
of the round anchoring bars being 
broken. The whole l«a cheek of 
the embrasure wosjarred, showing a 
crack in the brick work on the In- 
Bide, extending from the sole to the 
roof. The wall was alao cracked 
nlHive the embrasure on the inaide. 

27 and 28, Plate VI. 


GO 


42 


+ 


Solid 
bftU 


4! 


i 


200 


No.E 


Struck the left throat ptnte, cutting 
oat a pieoe abont oue-tbicd the area 
of the ball, bent the plate slightly, 
and Jarred it in Its position. Em- 
bmauro atiU serviceable. (See Fim, 
27 and 28, at o and o'.) 


07 


42 


i 


Solid 
ball 


42 


J 


300 


No. 1, 


Sliot struck the face of the lower stone 
on the left cheek, crater 2' 4" and 3' 
dia., and 4" deep, cracked the stones, 

the bed of this stoue and also the 
one above it, and shaking in its bed 
the aill stone of the embrasure. The 
interior face of the wall behind was 

was broken. (See PUU VIII., Fig. 
35, at J.) 


68 


42 


* 


Solid 

baU 


43 


1 


200 


No.1 


Shot gtrock tlie block of granite be- 
tween Nos. 1 and 2, in the same 
courae with the aill atone. Crater 2' 
2"xl'4"dia.,and4"deep; oraoked 
the atone u seen In the sketch, 



68 
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II 


J 
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No, 


Ika. 




Wnl |lb.. |dssr«.|j-d..| M 




















loosening the beds entirely tlirongh 
the wall, enlarging the cracks unnsed 
b; tbe former diacliarge en tlie ad- 
joining Htone. The cracks in tlie 
rear of the wall ahow a decided effect 
npon the atonr^a on that face. Shot 
broke. (See Fig. 35, Plate VUI., at 


59 


43 


i 


Solid 
bnU 


43 


1 


200 


1&2 


Shot fltmck theouler face of the granite 
block forming the left cheek of . em- 
brasure No. 1, 4i" penetration, car- 
ried away a large mass of the atone, 
extending S" inaide of the throat, 
and Tsiying in tliJcknesB from 1' 3" 
at the outer edge, and 4" to 6" to- 
wards the throat, and looaening the 
brick work inside entirely through 
the wall, and enlarging the craeka 
that were there before. Shot broke. 
For a side riew of the efferta of the 
laat three ahots, viz., 57, 68, and S9, 
see Plate VIII., Fig. 36. 


80 


a 


i 


Solid 


42 


i 


200 


1A2 


Shot struck the stone as before, very 
little higher up.increaaing the former 
crater, driving the cheek etone in 
2", and bn'aking the interior brick 
work to some ertent, and enlarging 
the oraoka on that aide to the lop of 
the wall. From near the bottom of 

tends entirely through the atone to 
the opposite aide. Shot broke. 


61 


42 


i 


Solid 
baU 


42 


i 


200 


clieok 
No. 2 


Shot atnlck near the edge of the granite 
block on the left of the concrete, 
turned aside into the concrete, and 
knocked out a mass 2' fl", and 2/ 
broad, and U" deep ; penetration Into 
the granite about 2". 


62 


42 


i 


Solid 
ball 


42 


i 


200 


ckMk 

No. 3 


Shot struck to the left below, a few 
inohsB from the curve, penetrating 
1' 9", and breaking away a mass 
reaching to the gorge, where it mea- 
sured 10" broad at the sole, and 1' 
6" high, and cracking the concrete 
on the inner obeek as far bb the 
brick wall. The other cracks on the 
inner face of the wall were Bomewbat 
enlarged. Some fragments of oon- 
fiiderable site were carried throngh, 
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onemeaaiiriiigabont7"cnbe. Then 

only one of which went with Buffi- 
eient force to penetrate the aoreen, 
Tho hull was not bioken, but rolled 
in through the emhraaure apparently 
with no force. For effects of ahots 
61 and 62 see Plate Vn., Figs. 3^1 
and 34. 


63 


42 


i 


SoUd 
ball 


42 


1 


300 


Right 

No. 3 


Bhot Btniuk ths right gorge plate, Bvar 
the lop, made au indentation abonl 
2" deep, to™ the pl»l« from its fast- 
enings, lifling the inner half of the 
plate entirely from its bod, and send- 
ing it completely through the em- 
brasure, leaving the other in an in- 
clined position neat its place, and 

Inner and outer portions of the plat« 
were connected together by only two 
f bolts. The anuiioring bolt at the 
top was broken, and the concrete 
backing carried away. The inside 

inred. The bonding of the plates 
waB peroeptilile Uirough the entire 
thickness of 8". This embmanre was 
defective, the gorge plate being Im- 
perfectly anchored, and weakly put 
togothar. 


64 


42 


i 


Solid 
baU 


4a 


1 


200 


Right 
No!b 


Shot struck near the right outer edg« 
of Ko. 6, a little hclon- the springing 
of the upper curve, knocking off a 
mass of concrete (and shaking the 

2' 4" high, and 1' broad, atnick, and 
broke off in 3 pieces, all the straight 
portion of the ouler offset plate, and 
penetrated to the second plate, which 

of the bait struck against the outer 
plate, breaking oneanohor from each 
plate. The upper and lower onrrod 
portions ot the plate remained hitact, 
or nearly so. The embrasure still 
serviceable. The shot broke. Crackii 
were made on the Inner cheek and 
face of the brickwork. (Plate VU,, 
Figs. 29 and 30.) 



CASEMATB EKBRASUAES. 
Tabu No. 1 — Continued. 
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1 


It 


i 


11 


i 


i 


I 


.„„..-,„...„.. >....»,^. 


Ho- Ibn. 


1 Wnd 1 Ibi. degree, rdi. 


» 1 


ss 


" 


1 


Bolid 
baU 


42 


i 


200 


Mo7e 


Shot atraok to the left above, abonl 8" 
from the edge of the opening, peno- 
irated 1' 10", tnockpd off a msBa of 
brick work 3' S" high, and 2' 2" 
broad ; also, the head of the arch wM 
knocked off to the depth of 10", and 
height of 1' 0". From the crater, 
extending to the end ot the wall, the 
brick work was entirely thBllered, 

the top of the wall and horizontally 
to the end. On the inaida of the 
throat, a great deal of the arch feU 
in, and large orauks were made in 

The brick work abool the throat waa 
much Bhattered. Thi >l,ol did not 
break. (Plate VIII., Fig. 37.) 


66 


43 


^ 


SoUd 


43 


i 


200 


N^'4 


Ball struck the gorge pUte near tba 
top 4J" from a rertioal line through 
the centre of the embrasnro ; toro 
the plate from its fasteaingB, break- 
ing the anchoring irons, made of J" 
round iron, and separating it from 

and 2" at bottom. Tore away the 
top of three of the i" platei, bending 
aU the others, driving the top in I^", 
and knocking off the asphalt on the 
inner face of the embrasure all along 
the gorge plate, and eKtending back 
8". The whole soffit of the inner 

and a portion of the brick miBnury 
on the inner edge of the sole 2' in 
length, and exionding baok towards 
the throat 7", was lorn away, Tha 
two bolts connecting the inner half 
of the gorge plate with the onler, 
were broken, and part ot the door 
knocked off, doing It no other ditmage 
than breaking the hinges. 


67 


« 


i 


soud 

bftU 


42 


i 


ZOO 


No. B 


BaU struck where it was aimed. Crater 
1' 2" to 1' 3" dia.. and 1' lieep. Tha 
ball was cracked and fell back. Tha 
inner cheek was considerably dam- 
aged, a large crack eitending up and 
down the cheek about B" from tha 
inner edge. This shot affords a fair 
test of the penetration of 42 Iba. solid 
shot in lead concrete. (Plate VIU., 
Fig. 43.) 



FIRING AT FIRST TARGET. 
Table No. 7 — CorUinved. 
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1 
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cs 


42 


1 


Solid 
ball 


42 


i 


200 


hetwern 
Saiulli 


Struck wlierH it was aimed. Crater 
2' 4" dia., 2' i" deep, tho lonor linlf 
of wliich WHS a little liagei than tho 
aiie of the ball. Tbe stons backing 
in tbe r<>sr of the wall was started 
in about 1". O'lateVlll., Fig. 38.) 


69 


« 


i 


Solid 
baU 


43 


} 


200 


No. 6 


Shot Btnick In tbe brickwork to the 
right below. Crater 2' 6" and 2' 9" 
dia., and 1' 6" deep. 

The effaot of the shot was also ehown 
on the opposite face of Ihe wall, by 
cracks in the steiie backing, eitend- 
ingl8"ot2'inb«ight. The ball was 
not broken. 


TO 


4S 


i 


Solid 
ball 


42 


i 


200 


iUgbt 
n'iTb 


Shot struck the lead concrete lintel 
near ila junction with the hydraulio 

downwards and penetrated I' 4". It 
was Btopped by the middle offset 
plate, which was not moved from lis 
position. The croler extended to the 
roof of tbe embrasure. NofragniBntB 

brick work on tbe Inner upper edge 
of the embrasure was Jarred, and to 

of this flhot does not show the actual 
penetration into lead ooncrete, as it 
Btmok near the hydraulic couoretB, 
and not far from tbe roof of the em- 
brasare. Tbe ball was broken. (PIat« 
VIll.. Fig. 42.) 


71 


42 


i 


3oHd 
l»Il 


42 


i 


ZOO 


ooler 

No. 4 


Shot poued through wlthont tonohing. 


72 


42 


i 


BDlid 
baU 


42 


i 


200 


No. 4 


Shot struck about one foot below the 
oonlre of the Jamb, Just to tbe left of 
the outer ofljet plate, was deOectad 
slightly to the tight, penetrated 1' 
4", and passed out between the two 
outer offset plates, forcing the bottom 
of the outer plate out, and producing 
large cracks in tbe aapbalte concrete 
sill, eitending entirely to the bot- 
tom. The otbet plates remained In 
their position, though little or no ma- 
pbalte remained between them. Tbe 
ball was not broken. The shock 
extended to the inner cheek, crack- 
ing the asphalte and brickwork to 



CASEMATE EHBRASUBES. 
Table No. l^-ConHntted. 
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Ibi. 
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73 


42 


1 


Solid 


42 




200 


cheek 11 
offiww 
No. 4 


Shot atrODk the asphalte concrete lintel 
jnst aboTe lla end of the onter off- 

uppet end of the second plate, passed 
down between the two plates, leaving 
the outer one merelj hanging bj Ihe 
anchors, the aaphalto being entirely 
remoTed from behind and around It 
hj this shot and No. 72. It knocked 
off a muss of aapballe from the lintel 
2' 4" wide horiiOQtallj, and extend- 
ing upwards to the granite. A crater 
BuiBted in the left Jamb of Ko. 4 
before these shots. See 48th shot. 


74 


4S 


i 


Solid 
ball 


42 




200 


No." 3 


Shot atmck where it was aimed— car- 
it Tertiottlly into two pieces, breaking 
all the anchor bolts, and leaving the 
embrasure nnBerrioeable. The shot 
broke into pieces, hut did no damage 
to the screen. The fragments of the 

By removing them, the gun might 
still be served. 


7S 


42 


i 


Solid 
ball 


42 




200 


NoTb 


Shot struck where it was aimed, passed 
throngh, glancing to the right, and 
enlarging the old crater in height and 
width. The hall passed throDgh the 
screen without breaking, and was 
found at a distance of 30 or 40 yards 
to the right and rear. A lar^ orater 
exUted from 61at and 62d shots— 
which see. 


78 


42 


i 


Solid 
bull 


42 




200 


No." 2 


Shot Btmck where it was aimed, 5" 
inside of the right onter edge, passed 
straight throngh, making a curved 
cnt in the cheek 1' 8" high, and 11" 
broad at tho middle, eracked the con- 
crete on the light outer face in two 
pieces, oat to the stone work. On 
the inner cheek the brick backing, 
as weU at the oonorele, was con- 
siderably orat^ked and displaced. An 
entire panel of the screen waa car- 
ried away. The ball cat down a tree 
4" or 5" in dia., at a distauoB of 40 
or 60 yards in the rear. 
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Tabue No. 1 — Continued. 



1 = 
Is 


i 

5 


if 


1 


II 


1 


1 


1 


&E1IUU— Haiember ID, I§, ua 33, IS33. 


N.. 1 lb.. 


|.,.d 


lb.. |,w™.|)'d.,| « 




J7 


42 


i 


Solid 
baU 


42 


1 


200 


No." i 

CrtlM. 


Shot atra^'k below where it was aimed 
about 1' ti", and on a lino with the 
aill, widHniug and enlarging the tor- 
aer orator. A Urge piece of the sill 
was broken off 1' 8" wide horlKon- 
laUy, and 6" deep. 

(See 80th shot, bolow.) 


78 


42 


* 


Solid 
bftU 


42 


i 


200 


No."77 


Shot Btmck a little to the left ot (he 
mark, on a level with the sole of 

oraler, making it 1' 8" doep where 
the ball slruok. 

(See 80th shot, below.) 


7fl 


42 


i 


Solid 
baU 


42 


i 


300 


Ho. 1 


Shot fltrnck 3" or 4" abore the aentro 
of the obeek, broke offa piece of the 
fiolid angle at tha thront 8" high, 1' 
2" wide and fl" deap, cranking IhB 
cheek etoue from (op to bottom, and 
breaking off n fragment (roin its outer 
edgo 1' 3" wide, and 8" deep; also a 
piece very nearl; the saus size from 
the atooe above. The shot broke 
and passed in (ragtoetits through the 
screen, carrying away a portion V 
by 4' 6", and acatlering Itagnienta 
of granite to eome dietanoe. 


60 


42 


* 


Solid 
baU 


42 


i 


20O 


No. 1 


Shot stmok where it waa aimed, and 
paBsud through the embrasure, car- 
rying with it the remnants of the 
left obeek stone, and enlargliig the 
width of the opening at the tiiroal 
1' 8". The allot broke, and wiHi the 
fragments of granite, passed throngh 
the screen, carrying away nearly 
throe panels. A large crater eilaied 
from shots &7, GS, 6H, and 60. (Plate 
VIIL, Fig. 3B.) 


81 


42 


i 


Solid 
baU 


43 


i 


200 


a; 


Shot struck tha concrete sill, glanced 
upwards, oarrying away all that por- 
tion of the sole from the outer edga 
to the throat, and fell inilde. Th« 
shot waa not broken. 

Craters existed from Diet, S2d,and 7Gth 
shots on right and left outer oheek. 


62 


42 


» 


Solid 
bftU 


42 


i 


200 


■boie 

No. 3 


The shot stmok 1' S" above the upper 
edge of the embrasure, glanced down- 
warda, carrying away all the key of 
the embnsare ai (at in as the briuk 
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work on the innei face of the wall ; 
the Biiol waa not broken, bnt re- 
mained on the sole of the emlirasare. 
Tlie coDcreto wax cracked in various 
direotions aa far as the top of tha 
wall. (PlateVIlL, Fig. 41.) 


63 


42 


i 


Solid 
ba.ll 


42 


i 


200 




Shot Btruck between the aBpbalte and 
granite, glauood a little downward!, 
and penetrated 1' 2" into (he a»- 
phalte, knocking off tbe outer faue 
of the aaphalte key to a depth of 10" 
or 11" and bringing down two lai^ 
pieces of granite from above where 
the shot Btruok. The nhot was not 
broken. (Plate Vlli., Fig. 40.) 


84 


43 




Solid 


42 


i 


200 


No. 4 


Sliot Btruck to the right below, io the 
granite near tlie asphalte. Shot 
broke. (Fig. 40,) 


SS 


42 




Shull 


313 


1 


200 


ifh{ 


The shell burst soon after it left the 
piece. 


8G 


42 




Sbell 


31J 


1 


200 


No. B5 


Shell struck the granite masonry on 
tho second course from the lop, near 
the corner, knookin? off one atone of 
tlie top course, and displacing those 
near the oortier. 


87 


42 




SLbII 


313 


1 


200 


No.V 


Struck the brickwork. Crater 2* dia. 
by 1' deep. The shell broke by the 


86 


42 




Shell 


31} 


1 


200 


lead 

No.fi 


Struck the lead concrete jamb near it« 
janotion with the lead lintel. Pene- 
trated 8i", width of cmter 1' 4". 
Knocked off a large mass of brick 
work above, to the depth of 18" or 
30", estending to the top of the wall. 
The shell exploded in the crater. 


















Note.— A shell without a fuie, was 
fired against tho granite, and ex- 
ploded on striking. 
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SECTION IV. 

Instructions for Building 2d Target^ and Remarks in 
relation to Materials used in the Construction. 

32. Before proceeding to practical deductions fron^ Before de- 
the experimental firings given in the foregoing tables, Jjj^^*^'' 
it seems best to give, in similar tables, the firings fS? m; ^' 
from, and at, the 2d target. 

The peculiarities of this 2d target were partly con- 
sequent upon the results afforded by the trials of the 
1st. 

The following extracts from directions given as to 
this second target will, with the plates and figures, 
sufficiently explain the construction, form, and dimen- 
sions of all its parts. 

LETTER TO COL. LEE. 

Engineer Department, 

Washington, bth May, 1854. 

" Bv't Col. R. E. Lee, 

* Corps of Engineers, SupH and Coming MiVy Academy, 
West Point, N. T. 

33. Sir: The gunnery practice upon the embrasure 
target at West Point, has afforded several important 
results in reference to the form, dimensions, and ma- 
terials, proper for sea^coast embrasures; still there 
are some other matters not fully settled that are of 
not inferior importance— and before we draw up a 

final report to the Secretary of War, I desire your Further u- 
further assistance in clearing these from doubt. Srlii!^ ^^ 

34. I now send the drawing of an embrasure to be Drawing 
made of granite and iron ; and have to ask your aid, fn*.,^mbr*. 
in putting it immediately under construction. '"• ^** ' 

36. There is nothing obligatory in thg exterior gra^ gMjuofem. 
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nite appareil of the drawing, except of the embrasure 
itself; above, below, and on the sides, the courses 
may be arranged to suit stones on hand, or such as 
. can be most easily procured. 

Jaw'*'*' 36. The interior face, with the same exception, is 

supposed to be of bricks ; it may be of rubble ma- 
sonry. 

Heart of 37^ xhc hcart of the wall is to be of conclrete, in 

the following proportions : The measure of mortar to 
be twice the measure of void space — the latter being 
reduced to a minimum nearly, by the use of fragments 
of various sizes. 

Sf m^r 3S' ^^ *^^ mortar should be composed of cement 
in dry powder — 1 measure to 1 measure of clean sand 
— except in laying the stones or bricks composing the 
embrasure, and this should be of cement in paste 2, 
to 1 of sand. 

J^mot^' 39. All the mortar in which cement enters should 
be made at the moment of using it, and no cement 
should be used of which the test cake required more 
than a few minutes to bear the pound weight. 

sm-stonM. 40. The drawing shows the outer, and the inner, 
sill-stones of the embrasure — the latter being con- 
nected with the stone beneath it by two cast-iron 
dowels which, besides being closely fitted to their 
holes, should be leaded, by pouring down lead through 
small holes drilled through from the top stone. These 
sill-stones, besides being prepared for the head of the 
pintle bolt, will have cut in them, recesses for the 
lower ends of the cast and wrought-iron jambs. This 
is the place to state that these jambs will be com- 
posed first, of a mass of wrought-iron 4" x 10" and 
3' 3" high, composed of eight thicknesses of boiler 
iron, fastened into one mass by a sufiicient number 
of rivets ; and secondly, of a mass of tough cast iron 
of irregular section (as seen in the drawing), and 3 
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feet 6 inches high, fitting tightly to the back of the 
wrought-iron mass. These iron jambs being placed 
erect in the appropriate recesses, and accurately ad- 
justed, will be leaded therein. You may find it 
advisable to interpose a thin sheet of lead between 
the two. 

41. The figure shows the first course of cheek JfVCT 
stones, &s they embrace the iron jambs. The inner '^''^ 
cheek stones embrace also, for a depth of six inches, 

the inner sill stones, and cannot be moved inwards, 
without taking with them the sill stone, and a still 
larger stone beneath. These outer and inner lower 
cheek stones are connected by cast-iron dove-tailed 
cramps 10 inches long and 2 inches thick — they are 
also prepared for connection with the second course 
of cheek stones by cast-iron dowels. Pains should be 
taken to secure the tight and accurate fitting of all 
such dowels. 

42. It will be noticed that there is to be a shutter IJe^puZi 
of two leaves, to be made of three thicknesses of half- d!'eJuf:^* 
inch boiler iron. The form and dimensions are fully 
shown. It is to turn on two gun-metal pivots (one 
above and one below) imbedded in, and riveted to, the 

iron; which pivots fit accurately into composition 
boxes, firmly leaded into the sill and lintel. These 
shutters should be accurate in form, so that they may 
fit solidly against the proper surfaces when shut, and 
also when fully open ; there will then be little danger 
of their being deformed when struck by any but a 
large shot. They should, moreover, be truly centred, 
so as to move with facility ; for if this be the case, 
they may be expected to shut spontaneously, on the 
discharge of the gim. To meet this result, or at any 
rate to provide a simple mode of fastening, a gun- 
metal latch is devised to be placed at the lower comer 
of each lea£ The movable part of this latch will 
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rest on the sill of the embrasure when the shutter is 
open ; as it closes, this part will rise over a gun-metal 
catch, firmly fastened into the stone sill: it will pass 
beyond the catch about an inch, so that there may be 
time for it to fall before reaction can send the shutter 
the other way. 
SrtJSIof 43. You will notice a concave conical surface cut, 
throat. at the throat of the embrasure, in the top of the outer 
sill ; this will allow room for the tulip of the gun, as 
it traverses, when depressed. 
?f^xterir 44. In this embrasure, both the height and breadth 
?&!"' of the exterior opening, and of the throat, have been 
materially reduced; and it would be a great gain to 
be able to adhere to these dimensions, which, it is 
hoped, may with care be done. It is in the throat 
where there must be the greatest accuracy ; and it is 
hoped, moreover, that with attainable accuracy at the 
throat, there may be a still greater reduction of the 
exterior opening^this will depend, however, on the 
effect of the blast, when the gun is iully traversed. 
In this design, the ball will pass within about U 
inches of the comer of the shutter, and the outer edge 
of the embrasure ; if we find this proximity does no 
harm, we may possibly approach still nearer. To 
keep the ball firom going nearer than it ought, and 
the blast from doing any unnecessary injury, it is 
fifsho'uTd'be indispensable that the axis of the pintle should be 
?Sht ^ exactly right. But that alone will not be enough — 
there must be no room for play in the tongue of the 
carriage around the pintle — there should probably be 
a bushing fitted to the tongue hole, so that it shall 
embrace the pintle closely. 

We may indeed even then find that the carriage 
is in itself untrue, to an extent forbidding so narrow 
a throat as we are about to try. 
TrrjwM 45 There are to be traverse circles laid for this 
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embrasure, because very important trials are to be 
made by f^ 4om iV ^^^ S-iBoh Columbiad. 
I need not say that these circles should be laid with 
exactness and solidity. 

46. The exterior facing of the granite embrasure (^^"iJSau 
may be cut quite roughly ; the facing towards the ^^****"- 
embrasure should be rather finely cut — the beds, and 
other surfaces in contact, should be truly cut, though 

not finely — that is to say, hoUows of moderate size 
will be of no consequence. The contact of the granite 
with the iron jambs should be very carefully attended 
to, as also iron with iron ; to which end, the rivets of 
the wrought-iron mass, and the shutters, should be 
countersunk flush. 

47. The wall containing this embrasure may be the ^^l^^^^^^ 
rebuilt portion of the granite end of the former target, •»^'""*' 
and of the same height. I would, however, carry the 
granite wall as much as ten or twelve feet westward 

of the embrasure — ^building the inner face and heart, 
as before mentioned, as I desire to fire against a five 
feet wall of that construction, a few solid shot of large 
calibre under the highest velocity. Supposing you 
have no 10-inch Columbiad, I think the trial quite 
important enough for you to call at once for one to 
be added to your battery — ships are likely to use even 
larger guns than these. 

48. It will be noticed in the section, that the ^*J^^*J ""^ 
wrought-iron jamb stands a little obliquely to the ^'«"J»°^^- 
plane of the throat ; this obliquity might be greater 

with advantage as respects support to this jamb from 
the interior cheeks of the embrasure; and without 
danger as to the defiection of small shot into the em- 
brasure ; but it would involve a form of shutter not 
favorable to resistance ; even the slight inclination I 
have in this case given to the jamb, requires, for a 
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shutter at all arched outward, a little recess to be cut 
for it in each outer cheek. 
bMwS!" 49. I am in hopes that the form of the cast-iron 
backing will transfer any effect advantageously to the 
stone behind it. 
fhufter*"' SO. The heads of the rivets of the pivots of the 
^^^''^' shutter should be countersunk on the side next the 
jambs, so as to be flush. Being put through from 
that side the shutters should then be closed, and then 
the outer ends be riveted down without any counter- 
sinking on that side ; this will allow the shutters to 
be dismounted by mere cutting off these rivet heads. 
Of course there must be slight depressions cut in the 
; granite to receive the protuberances. 

i i2j*5!uhLt* SI- I ^^d an understanding with Lieut. Gillmore 

; todSSl" while he was here lately, as to many of these details, 

and should be glad if he could be charged with the 
duty of constructing the target. 
^onSmJ^n- ^2. Thc pcrsou iu charge must observe the closest 
^°*''®** economy consistent with good materials and work- 
manship, using, as far as possible, the old materials, 
and also the labor of the engineer company. 
and'J^t^ 63. I shall send shortly a drawing of a brick em- 
ernbrick. to i^j^agurc ; and I have ordered to be sent to West Poii^t 
from Charleston (South Carolina) 3000 of the kind of 
bricks used at Fort Sumter — these express very well 
the general quality of southern bricks ; and it is very 
important to know their value in the construction of 
embrasures, since that part of the country affords no 
durable stone. 
pisunoe of 64. In order the better to try the effect of heavy 

10 inch gun. •' *' 

balls upon the masonry, it would be well to place the 
10-inch gun at a distance not greater than 200 or 300 
feet from the target, and I assume that this may be 
done without raising the gun much above the surface 
of the ground. 
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65. The platform might be now prepared. The pi»ttoriiL 

firing generally to be from the old platform. 

I am, very respectfully, sir, 

Your ob't serv't, 

(Signed) JOS. G. TOTTEN, 

Br^t Brig. GenH and Col. Engineen. 



LETTER TO COL. LEE. 

Engineer Department, 

Washington, 20^ May, 1854. 

Br't Col. R. E. Lee, 

Corpz of Engineers, SupH and Com^dH Mil. Academy, 
West Point, N. T. 

56. Sir : I now send plans, sections and elevations, piam, ftc. 

■■• 'of brick em- 

of an experimental embrasure, which I desire to have ^"JJ*"® 
constructed by the side of the one of which I lately 
sent drawings. That was to be faced, and generally ^ ^^^ 
constructed with granite. This will be generetlly of '"* ^^' * 
bricjtwork. 

67. The stones around the pintle will be the same w^«e»ad 

^ ■oleitones. 

in both, as will be those in the sole, at the throat — 
excepting that in one of the latter the hinge and latch 
sockets will be omitted, as it will not be necessary to 
try the shutters in more than one case. 

58. The inner portion of the sole may be formed 8oi«- 
of a thin flagging stone — the outer, of a flat inverted 
brick arch. The large wrought and cast-iron masses 
will be the same as in the granite embrasure. Of 
iron, there will be, in addition, a wrought-iron plate j^^®"* 
half an inch thick, bent around the small projecting 
portion of the cheek immediately in front of the 
throat, and kept in place, partly by two wrought-iron 
anchors strongly riveted to the front face; the sill- 
stone beneath must be cut away, so that the lower 
ends of these plates shall be about two inches below 
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Top. the sole. The embrasure at top will be closed by 

inner and outer brick arches. 

59. It will be necessary to prepare this embrasure 
for a gun with the same accuracy as the granite em- 

d^w"* brasure, and lay behind it the traverse circles ; for we 
must try the effect of the blast of the gun in this case 
also. 

S'^uken' ^^* Considering what is said above as sufficient in 
reference to the general construction of the embrasure, 
I proceed to the particular precautions to be taken in 
laying the brickwork. 

S°chJjrM. 61. In order that our test may have special results 

tonbricka. ^^ rcgards bricks made in the southern part of the 
coast, where they have no stone of quality suitable for 
such uses, I have directed a sufficient number of good 
bricks to be sent to you from Charleston; and it is 
with these Charleston bricks that I desire the embra- 
sure to be built. 

Bricks im- 62. The best bricks of that market are very un- 
sightly, but ^ •' 

durable, sightly, aud cannot be made into a handsome wall; 
but they are very durable, standing the southern cli- 
mate better than our northern brick. They are 
thought, moreover, to adhere strongly to mortar. 
Archei. 63. The bricks used in the arches should not be cut 

into true voussoirs, but must fit their places by thin 
joints next the centre, and thicker at the extrados. 
It will not be necessary to bestow any particular pains 
on the appearance of the brick facing; but I wish 
uTuyST ^^^^ brick to be laid with the greatest care, as re- 
^''^''^ spects its connection with the mortar of the joints. 
S^briJkJ'' ^^' ^^ *^^ ^^*® firings against brickwork, from a 
inTreviow' 42 pdr., it was noticed that there was a separation of 
bricks from mortar very generally, as the limit to the 
breach caused by the shot ; and it was certain that if 
the cohesion had been greater, the effect of the shot 
would have been materially less. This brickwork had 



firings. 
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nevertheless been laid under the direction of an expe- 
rienced and very attentive officer — the bricks, though 
brittle, were hard, and -the mortar was composed of 
cement and sand, without lime. 

66. The want of cohesion was due, as seemed to 2?lJ?aaon. 
me, beyond any doubt, to the interposition of dust, 
sometimes quite free, but perhaps more generally com- 
posing a layer slightly cohering to the body of the 



bricks. The process of laying must be to cause every ^^•^ «' 
brick to be thoroughly soaked in water, and to be laid "**' 



the moment it ceases to drip ; arrangements easily de- 
vised, will enable this to be done without extra ex- 
pense: but I must caution you, that as this will be in 
some respects a disagreeable process to the masons, 
they will neglect it, or do it improperly, unless it be 
imperatively and perseveringly insisted on. 

66. In order in some degree to compensate for the of monir!*" 
short time we are able to allow the new brick masonry 

to harden, I think the mortar to be used in the whole 
of the brickwork, including the brick embrasure, 
should be of dry cement two measures, to sand one 
measure. In other respects the mortar, concrete, &c. 
to be as directed in my letter of May 6th. 

67. Keep all masonry in progress shaded from the JSthSS/^ 
sun. 

68. I send also with this letter plans, sections and ofTnc* u 
elevations of an embrasure to be &ced exteriorly with Mn^'""** 

See Pl&tA 

concrete. "i . ««»»«• 

sore No. 9. 

69. To form the iron throat of this embrasure, I "n^'o** 
wish you to have the wrought-iron masses (eight 
inches thick) that were used in old Embrasure No. 3 
repaired, leaving off the shutters. The lower ends of 
these masses will be received in the granite stones of 
the sills, and the upper ends built in the arches. The 
throat being a little wider than before, the masses of 
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WroMbt- 
iron plate. 



Pintle- 
stones, Ac. 



Concrete 
facing. 



Concrete 
backing. 



Mortar. 



the two sides will not unite at top or bottom; but this, 
for our present purpose, is of no consequence. 

70. This embrasure is to have the same half inch 
wrought-iron plate enveloping the first projection out- 
side the throat as the brick embrasure ; to be secured 
in like manner. 

71. Portions of this embrasure — the pintle stones, 
tongue holes, sill stones, inside cheeks, sill and arch — 
will be the same as in the brick embrasure, only the 
outer facing being of concrete. 

72. The concrete used in the facing of this embrasure 
should be made of mortar composed of cement two 
measures, sand one measure — the quantity of mortar 
to be twice the bulk of the void space in the brick 
fragments, reduced to a minimum nearly, by the ad- 
mixture of fragments of bricks of different sizes, from 
that of a duck-shot to that of a pigeon's egg, all finer 
particles being sifted out. 

73. The concrete backing generally may contain 
coarse fragments, broken stones, or broken bricks, or 
clean gravel, or all or any of these mixed, from the 
size of six or eight cubic inches down to the size of a 
hazelnut or less— clear, however, of all sand or dust. 

74. All the mortar made for this target, whether to 
be used in concrete or not, should be made by first 
mixing well together, upon a fioor, a small quantity 
of dry cement and the due proportion of sand ; then 
quickly adding the necessary water at the moment it 
is about to be used, whether in concrete or masonry. 
Concrete should have the mortar added to the stone 
fragments as soon as it is^nade, and just as the con- 
crete is to be applied. In other words, the first setting 
of the cement, which when it is energetic and good 
is Very prompt, should not happen, even partially, 
imtil it is in place, and not liable to frirther disturb- 
ance« If this practice cannot always be accurately 
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followed, it should always be aimed at, and adhered 
to, as far as practicable. 

75. Some of the mortar used in the concrete (some- sm^nnf 
what diluted perhaps) should be smeared over the ^*^°»o't*'- 
surface with which the concrete is to be in contact, 

the concrete being rammed in before this stucco has 
hardened: this is especially necessary on the sides of 
wooden moulds — ^which, moreover, if they have not 
been painted, should be made very wet. 

76. While the concrete embrasure is under con- ^o ^ •t**- 

ed aad kept 

struction it should be kept shaded, and as soon as it ""^^^ 
is finished, should be stuffed full of wet grass or hay, 
and then a thickness of the same applied to the 
vertical surface — all being kept wet, the longer the 
better. 

77. From the centre of the concrete embrasure No. frote'por''-''" 
9 to the end of the target, ten feet, the facing should "**'* 

be of concrete, the comer being protected by brick 
blocking. 

78. From the centre of the same, for a distance of Fwinf. 
thirteen feet towards the brick embrasure (No. 8), the 
facing will be of good northern bricks (avoiding the friJ^J^ 
very brittle kind used in the old target), as will be all "^"^ 
the brickwork in connection with the concrete em- 
brasure. 

79. For a distance of seven feet on one side and '**^'*«- 
ten feet on the other of the brick embrasure (No. 8), 

the facings will be of Charleston bricks, as well as all bJTck J"- 
the other brickwork of the embrasure. 

80. Embrasure No. 7 will be faced for ten feet on ^*«*»«- 
each side with granite. ^"^^^^ ^'"' 

81. A former letter refers to the manner of facing ^'^;,*^i.j. 
the interior of the target. 

82. A light wooden cover should be put on the top 
of the target to keep out rain. 
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UMnode- 83, It is important that this target be made ready 

for the proposed tests as soon as practicable. 

I am, very respectfully, sir, 

Your ob't serv't, 
(Signed) JOS. G. TOTTEN, 

Bvt. Br%g,'Gen, and Col, Eng^n, 

\^iotw^\. 84. The interior facing of the wall was rubble-work, 
stones rather small. 

85. The heart was of cement-concrete (without 
lime) composed of gravel and broken fragments of 
northern bricks and of stone, varying in size from 
pieces containing six or eight cubic inches down to 
that of a pea, sifted clear of sand and dust. The 
amount of mortar in this concrete was equal to twice 
the volume of void space in the mixed fragments, and 
was composed of cement measured in powder, and 
sand, in equal parts. All the mortar of the target 
was mixed with these proportions of cement and sand, 
except for the stone, brick, and concrete work, com- 
posing the embrasures themselves, which contained 
cement in paste two to sand one. The amount of 
this mortar in the fine concrete for Embrasure No. 9, 
was equal to twice the volume of void space in the 
broken fragments — the fragments being well soaked 
in a cream of cement immediately before mixing. 
To the left of the axis of No. 8, the fragments in the 
concrete composing the heart of the wall were soaked 
in a similar manner. One-half of the northern bricks 
and a like proportion of the southern were dipped in 
a cream of cement just at the moment of laying. In 
the wall, the portions of the two kinds of brickwork 
thus treated join each other. 
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Tables from 8 to 16 inclusive, of firings from and against 
the Embrasures of 2d Target. 



FiBiNO TBOM Sd Tarqbt, tbsocoh Ehbbasdbeb Nob. 7, 8, and 9. to test 
THE Effect of the Blast or the Qun upon the Ehbbasubes. 



Onn 8 inch Colambiftd, kngth 


10* 4", 


weight 


9,240 lbs. 1 C4Mm>te carriage. 
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Direct 


from Embraiare No. 7. 
No effeot on the embrasure. One ihnt- 
ter rHmainod about half open. The 
ball did not pass through the bank 
of Birth 24 feet thick, aitaated about 
10 feet from the tnuiile of the piece. 


»0 


S 


10 


ball 


ii 





' 


Diraol 


No effect on the ombraaure. One ahnt- 

aa before, the other oloned only one 
or two inohea. Ball did not pass 
throngh tlie bonk of eartli. 


01 
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Trull 
lolsft 


No elTeot on the embragnre. The right 
shutter closed and oanghl, the other 
oioeed one or two inches. 


S3 
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Do. 


No effect on the embraanro. The right 
shutter closed 6 or S inohea, the other 
1 or 2 inohea. 
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Do. 


Same as before. 
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1 

i 
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3 


Do. 


on the right ahutter was strained by 
the blast, and would not work until 
the bolW had been looieoed and 
oiled. 
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bftll 
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3 


Do. 


No effect on the embrasure. Effeot on 
the latoh same as before. >'. t., pinch- 
ed by bending of the lower bolt. A 
few blows on the side of the bolt set 

it right. 
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Do. 


From EnAramre No. 8. 
No effect on tlie embraanre. 
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Do. do. 
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Table No. 8 — CotOinued, 
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— 1 4 Do. 


Do. do. 
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ball, 68 


— 1 4 Do. 


Do. do. 
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right 


From EmbroMure No. B. 
A amall piece of concrete on the outer 

and li" broad, and i" tliiok) was 
thrown off. I4o other effects. Tlie 

break ocourrad where two Uyera of 

concrete joined. 
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3 


Do. 


No effect on the embrasare. 
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Do. 


A very biqbU piece of concrete was 
blown off, BboQt 1" high, and 1" 
broad, and }" thick. 
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Two small pieeea were blown off, one 
of them aboat 2" high, and 1" broad, 
and i" thick, the other abonl i" high, 
J" broad, and i" thick. 
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Note.— Tlia maan penetration of four- 
teen solid ahots (weight 68 lbs., 
charge of powder 10 lbs.) into a re- 
cent moond of clayey soil, not very 

from the ntDule, was 12 feet 9 tnobes. 



FIBIKG AGAINST SECOND TABGET. 



Table No. 9. 
FiRTHa AOAiNffT 2d Tarqet with Cahisibr Shot vsobino 1^ lbb. xach. 



Onn 42 pdr., Ungtb W S", weight S,4S 
PUtform level with bottom of tki^et. 
Axis of gua 4 fset above platform. 



Iba. Totkl weight ot euUter 48 Iba. 
NnmlMr of shot la osniater 27. 
Mean diameter of each ihot 2^ inchei. 



Tnelvti ahota atrualc tlie target. One 
of them Btruck and broku off the 
horiiontal portion of tlie l&tch of the 
left-hand ahutt^r, aud then glanced 
and pasaed throiigli the oinbTiuiiiro 
and acreen. Two of tliem atrnokthe 
aouthom lirick wall, crater 4" l« fi" 
ex. dia., and 2J" to 3" deep. Oiia 
■truck the lintel of the granite em- 
brasure 6" above the loirer edgSi 
cracked aa per aketch. 

Fig- A. 







Eight aholB atruok the target. One 
Btruck the offset of left-haad shntlef 
No. T, and was stopped, making a 
Blight indentation, aaj i" deep, and 
IJ" brond. This ahot wbb broken. 
The abutter which was gtnick was . 
sllghtty disabled so kb not to oloee, 
csuaed bj opening the joint between 
the ojiiudrical atrip attached to the 
inner edge and the body of the 
shutter. Ilad the three }" plates of 
the abutter tennlDat«d in this seml- 
ojlinder, as the deBi gn contemplated, 
no additional atrip would have been 
neBeaaArj,noPerlicalcrosi joint KoM 
hare exitled there, and consequently 
DO Inj ary would hare been instained 
hj the abutter. 
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Tabls No. 9 — Chniinued. 
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CWr. 
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200 


Ko. 7 


Poor shots Blnick the Urget. One of 
them Btmck the left-lisnd throat 
piece of No. 7, IJ" from the edge, 
and broke In pieties, some of which 
piSBed through the embraanre and 
Bcreen. Another stmck the lintel 
about 2" from the lower edge, tbroir- 
ing Beveral pieoea of stone through 

screen were three holes and Beveral 
jndentAtiona, some of etone and some 

or 5 feet Bijuare. Indentation io 
throat piece 2" dia. and ]" deep. 


IDS 


42 




Can'r. 


48 




200 


Mo. 7 


Nine shots struck the target. All io 
granite or brick. No effect needing 
any particular description. 


109 


42 




Can'r. 


48 




200 


No. 7 


Seventeen shots struck the target, and 
one passed through No. 7 without 
touching. Penetration in granite 
little or nothing. PenetraUon in 
southern brick 3^" to i". 
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200 


No. 7 


Six shots struck the target, and one 
passed through No. 7 without tonoh- 
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Cui'r. 


48 




200 


No. 7 


Eight shots struck the tai^et all In the 
granite, and one passed through Em- 
brasure No. 7 without tonchiug. 
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Can'r. 
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200 


No. 7 


FoQrteen shots struck the target, all 
in the granite or brickwork. 


113 


42 




Cm'r. 


48 




200 


Ko. 7 


Thirteen shots straok the target, Uld 
one passed through No, 7 withont 
touching. One struck the edge of 
the left throat piece, No. 7, lapping 
ahont J the dia., broke in two and 
passed through the screen. There 
was also an indentation in the screen 
from a fragment of the throat piece. 
Fig. B. 
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FIRING AGAINST SECOND TARGET. 
TabL2 No. 9 — Cimtinued. 



! SeTenteensbotastniElt the target. One 
of them struck the offset of the left- 
hand shatter, indeDtutioD Ij" dis. 
by J" deep. (See Fig, B.) 

i Seven shots atmck the target. One 
Btmck the left outer edge of No. tt 
at-the spring of the arch, took out a 
piece of brickwork shoot B" by *' 
by 3", glanced to the boiler iron of 
the offset, making an indentation 
aboDt H" dla., by j" deep. It was 
broken and stopped. 



Fig. C. 




I Fourteen shots struck the target. One 
of them s track against the right 
throat piece o( No. 8, aboot B" from 
the top; indentation 1^" dia. by J". 
Stopped Mid broken. 



Kg.D. 




} iTwelve shots strnck the target, all in 

the granite or brick. No particular 

effects. Fenelralion of these canister 

shots la northern brick 2^'' to 2]". 

I Ka. dia. of crater 6" to S". 



CASEHATE EXBBASUBE3. 
Tijsa Ko. 9 — Oimtinued. 



is 3 



RlMlKU— JdIj 33, 1: 



i TUirteen sbots Btrack the target, alt fu 
tliH granite or briok. No partionlar 
elTeuU. PenetratlOD of these cauisler 
EliotB into Bouthent brick is somt>- 
what greater. Bay aboat }", than In 
the northern briok ; the exterior dia- 
meter of crater about the aamo. 



I Fifli 



shotB atmak 
the target, and 1 
passed throtigli 
No. 9 without 
toDching. One of 
the IB Btrack the 
boiler plate of the 
right offael of No 
9, indentation 1^" 
dia., by J" deep, 
and stopped. The 

by these canister 
eliot avarageB 
about 9" to 10" 
exterior diameter, 
by 3" deep. 





few inobes below the sole, knocking 
out a piece of concrete 13" by 7" by 
8". Nothing went througt). 



FIBIKG AGAINST SECOND TABGET. 
Table TSo. 9 — Chruinutd. 
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No. 
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dBgroM 
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121 


42 


i 


Can'r. 


48 


i 


200 


No.S 


TUirteeii abota Btrui'k ttio Urget; none 
of thBtQ very near the embrasure, 
except one on the sill of the ouUlds 

previouB fraoture. 


122 


42 


i 


Cftn'r. 


48 


4 


200 


No. 9 


Fourteec 
on Ih 
of No 
theed 
on the 


(hots stru 
lintel of 
B, making 
ge, and eit 
intradoti, a 

Pig. 


ho 

a ' 

od 
G. 

i 


he target; one 
eft outer edge 
raclnre 10" on 
ng 8" inwards 
bout the Buna 

P 




diatan 
race. 
pieoe 
edge, 

LIS 


oe up the wsll on the outer 
3ne shot gtruck the left throat 
fall centre, 2" frooi tlie Inner 
ndentstion 2" in diameter and 
p. Thl8 Bbot was stopped and 



CASEMATE EUBBASUBES. 



Table No. 10. 
FrBiNQB AT 2d Takoxt with Canisteb Shot or -f^f of a found iach, 



Oaa 42 pdr., length 10' 9", weight S,4flG lbs. 
Platform leTel with bottom at tuget. 
Axis of gun 4 feet ttbore platform. 
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11 


1 


ii 


1 


y 

n 


i 

1 
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. mi. 


lb., 1 1 k..d 


ibm. 


d-^g™. 


}i.. 


■> 




123 


43 


i 


Can't. 


61i 


J 


200 


No. 9 


niirtj-one sliota straalc the target. 
One inside of No. 8 on left hand off- 
Crater in noHhern Lrickwork about 
3"ext'rdia.,b?2"deep: in Charles- 

greater, Cratara in coaorete, 3" to 
5" eit'r dia., and J" to Ij" deep. 


124 
12S 
128 
127 
128 
129 
130 
131 
132 
133 


42 
42 
42 
42 
42 
42 
42 
42 
42 
43 




CaaV. 
Cao'f. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 


EI 
61 
51 
51 
51 
bl 
51 
51 
51 
61 






300 
200 
:*oo 
200 
200 
200 
2O0 
2O0 
200 
2O0 


No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 


ThrBH hundred and thirtj-flve ahota 
Btnick the target (atone, brick, 
sad coaorete). One struck left- 
band throat piece of No. 9, about 
9" from the top. Shot broke, and 
waaatoppad. Onapasaed through 
Ho. 9 without touching. Sevea 
Btmclc offiiels in No. 8, aad were 
stopped. One struck edge of aiU, 
glanced up to the edge of the left 
throat piece, and thonoe to the 
acreea, without breakiag. It did 
not pass through the screen. And 
one atrack the edge of the right 
throat piece, and glauaed through 
the Bcreen. Sii shots passed 

Oae of the sheta against the throat 
piece of No. 8 atraek about 5" 
from a bolt head, and broke the 
latter off. One shot struck the !eft 
throat piece of No. 7, and was 
slopped ; and (our passed through 
without touching. 


134 
135 
136 
137 
138 
13fl 
140 
141 
142 


42 

42 
42 
42 
42 
43 
42 
42 
42 






Cau'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can'r. 


61 
51 
51 
61 
51 
51 
51 
61 
51 






2O0 
2O0 
2O0 
200 
2O0 
200 
2O0 
2O0 
200 


No. 8 
No. 6 
No. 8 
No. 8 
No. 8 
No. e 
No. 8 
Ho. 8 
Ho. 8 


One shot passed through No. 9 with- 
out touching ; none struck the iron 
work. Seven struck ofiaetB in No, 
8 full, and were stopped. One 
struck the edge of the right throat 
plate, and glanced through the 
sereen. Sis passed through with- 
out looohing, and one struck the 
screen without passing through 
it ; one bagmeut remained in the 



FIBING AGAINST SECOND TARGET. 
Table No. IQ^Ckitamued. 
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Ho. 


IW 




kind 1 lb.. 


d.g»e. 


7dl. 


^i 




















xcreeu. Three aliota Btrurk the 
ofRetB in No. 7, Itud were slopped; 
and one patsed through withont 
tmialilng. Two fragments struck 
the Boreen, and entered about half 
an inob. One shot stnick the left 

knocked off a piece abont 8" high 
\iy 1 j" wide, and extending in as 
, far as the raceis for the shutter. 



CASEMATE EMBRASURES. 



Table No. 11. 
FiEuxas AT 2d Tabobt with Muskzt Balls in Cahibtebs. 



Gqh S inch ColnmbUd, length 10' 4", weight 

9,210 IbB. 
Platform level with bottom of target. 
Axis ot gun toor feet above platform. 



Total weight ofoanlater 62 Iba. 
Rnmber of balls ifa eaoh oanistar 116S. 
Balls of lead 18 to tho pound. 
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It 
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ift. 


1 1 ^ 

1 li 
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Bo. 


„>oh.| 


kind 1 ]b>.'{degre«|rd..| M 




143 


8 




Can'p. 


62 




200 


No. S 


Due muaket bait stopped by oSaets No. 
9 : two passed throngli So. 9 withoot 
touching, into the screen. 

F1t8 ballB slapped \,j offsets of No. 8, 
and tonr passed through No. S with- 
out touching, and through the screen. 

Mo. T was not struck ; bnt one passed 
through without touching, and 
through the screen. 


144 


8 




Can'r. 


82 




200 


No. 8 


rwo balls stopped by offaeta of No, fl, 
and one passed throngh withont 
toaohing, and throngh the sorean. 

Bghl etmok offsets of No. 8, and were 
stopped; and tliirteen passed through 
No. 8 withont touching, and throngh 
the screen. 

One struck othet of No. 7, and was 
slopped; and one passed throngh 
without touching, and through the 


14S 


8 




Can'r. 


S2 




200 


No. 8 


One ball strnck offset of No. 7, and 
was stopped. None passed throngh. 
Eleven stmck offsets in No. 8, and 
were stoppfd; and six passed throngh 
without tonohing, and throngh the 
ecreen. One struck offsets of No. 
9, and was stopped. None passed 


146 


8 




Can'r. 


82 




200 


No. 8 


Nine balU strnck o^ets of No. B, and 
were stopped ; and S passed through 
without tonohing, and through the 
screen. Onestrock thesoleof No. 7, 
and glanced to oflhet on shutter, and 
was slopped. Two passed through 
No, 7 without touohmg, and throngh 
the screen. 


147 


6 




Can'i. 


82 




200 


No. 8 


One ball through No. 9 without touch- 
ing, and through screen. None 
tonched the iron work. Several 
strnck the concrete, but made scarce- 
ly an J impression on it. Six stmck 



FIBING AGAIKST SECOND TARGET. 
Tabu No. U — Oorainued. 
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Ibi. 


d<gr«>|Td>. 


" 1 


















Ihe olTseti of No. 8, and w^reatopped; 
and four paflfled througU wilhoiil 
touching, and through the sorBen. 
The balls made little or no impros- 

allot Btrnck ol&ets of No. 7, and was 
stopped. None passed throtigh. 


14B 


S 


1 


Cwi'r. 


62 


i 


200 


No. 8 


One passed through No. 'i wilhont 
toQchiug. None hit the iron work. 
Tea atraok offsets of No. 8, and were 
stopped, and eight passed through 
without lonobing, aud throngh the 
screen. Two straok offBets of No. 
7, and were stopped. None passed 
through. 


M9 


i 


i 


Cftn'r. 


82 


i 


200 


No. 8 


One boll pawed Ihrottgh No. 9 withont 
touching. None hit the emhrasnre. 
Three balls slruok ol&els of No. S, 
and were stopped, and two passed 
through witliout tonohiug. One 
through No. 7 without touching, and 
one by deflection. 


IbO 


8 


1 


Can't. 


S'2 


i 


200 


No. 8 


One throngh No. 7 wllhoot toUDhing. 
None hit the embrasure. Eight 
struck oftseta of No. 8, and were 
stopped ; and eight passed through 
without tonohlog, and through the 
screi^n. One struck oiTsels of Mo. 
!), and was stopped. None passed 
tlirongh. 


IGl 


e 


i 


Can'r. 


82 


i 


200 


No. B 


One struck ol&ets of No. 9 and stopped, 
and two passed through without 
tonohing, and through the soieen. 
Six atrnck olbeta of No. 8 and were 
stopped, and four parsed throngh 
without tonohing, and throngh Iba 
screen. Two passed throngh No. 7 
without touching. 


lt2 
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Cui'r 


82 


i 


200 


No. 8 


The iron work of No. 7 wa« not touched, 
and DO marks wer« upon the screen 
behind It. Three atruok offsets of 
No. 8. and were stopped, and two 
passed throngh without tonohing, 
and through the screen. One struck 
oEbets of No. S and stopped, and one 
passed through without touohing, 
and through the screen. 



CASEMATE EHBBASUBES. 
TablxNo. 11 — ConUnwd. 
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133 


8 
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Cftn'r. 


82 




200 


No. 8 


None Btrncic iron work of No, 9, knd no 
markB upon the Boreen behind it. 
Seven atrurk No. 8 and were stop- 
ped, and fonr weiit through without 
louchiug, and through the serpen. 
None struck Ho. 7, and nona wenl 
through. 


154 


8 
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Caa'r. 


82 




200 


No.B 


Two shots Btruok offaeta of No. 7, and 
were stopi>ed, and 4 passed thraaith 
without touching, and throogli the 
Bcraan. A part of the botlom of the 
canister also passed through No. T, 
and stuck in the Bcrean. Seven 
shots struck offaeta of No. 8, and 
were stopped ; and six went through 
without touching No. 8, and throngh 
tlie Eoroen. Two went through No. 
9 without toneliing. 


155 


8 


i 


Can'r. 


82 




200 


Mo. 8 


One shot struck oifkets of No. 9, and 
was stopped, and one went through 
without touching, and through Ibu 
screen. Thirteen shots struck offsala 
of Ko. 8, and were slopped ; and four 
went tlirougli withoat touching, and 
tijrough the screen. None atruck 
or went through No. 7. 


15<i 


8 


i 


Can'r. 


82 




200 


Mo.M 


Three shots struck offaeta of No. 7. 
and were slopped ; and four paaaed 
through without touching, and 
through the screen. Sixteen shots 
Btruck offsets of No. 8, and were 
stopped! and ten paseod througit 
without touching, and through the 
screen. Ona shot stmck offsets of 
No. 9, and stopped. None passed 
through No. 9. 


167 


8 


i 


Cmr. 


82 




200 


No-S 


Two shots etnick offsets of No. 9, and 
were stopped. Nona paaaod through. 
Ten sliols struck offsets of No. S, and 
were stopped; and 9 passed through 
without touching, and throogh the 
screen. Two shots struck offsets of 
Ho. 7, and wore slopped; and three 
passed through No. 7 without touch- 
ing, and through the soraen. 



FIRING AGAINST SECOIO) TABGET. 



Table No. 12. 
FiRiNa AT 2d Taroit with Iboh Canibtxr Shot or -,'g^ or a podnd 

lAGB, ABOUT 3^ OZ. 



Qoii 8 inoh Calnmbiad, length W 4", weight 9,240 Iba. Total welKht of OMklater Cfi lbs. 
Platform level with bottom of lai^et. NnmlMT of ImIU in each oan- 

AzlB of gaa 4 feet above platform. later 222. 
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Ko. |i,... 




kind I 11m, dfgrw" ' yd., « 


1GB 
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Can'r. 


65 


i 


300 


No. 7 


Two Bhota atmok llie right tliroat 
plate, Bud one the left throat plate 
of No. 7, and were stopped. Inden- 
tation 1" dia. and i" deep; one shot 
Btmok the upper edge of the siU, 
glanced to the edge of the ahntter, 
and stopped. None passed Ihrougli. 


IfiS 
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Can'r. 


SS 


4 


200 


No. 7 


Five Bhota Blmcfe offiietB of No. 7, full, 
and were stopped. One shot struck 
the edge of the sill of No. 7, glanced 
to the edge of tbe throat plale, and 
thence throogh tbe screen towards 
the left. 


180 
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Can'r. 


65 


i 


200 


No. 7 


One shot stnick offlet of the right 
Bhntter of No. 7, and stopped ; and 
one etrack the shoulder of the 
shatter, and glanced through the 
embrasure Into tlie screen, bnt not 
through It. 
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Can'r. 


65 


i 


200 


No. 7 


A piece of the csnistar passed throngli 
No. 9, Into the screen,but not tliroagh 
it. One shot struck the right throat 
plate of No. 7, and stopped : and one 
stniok tlie side of the right shutter, 
glanced to tbe throat plate, and 
stopped. One shot ilnick the llnlcl 
-Of No. 7 about 4" above tbe lower 
edge and broke off a piece 4" hj lb" 
long and 4" deep. The shot wa» 

Flg-H. 
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CASEHATB EHBBASTJBES. 

Tabus Ko. 12 — Omtinued. 
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Can'r. 


B5 
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200 


No. 7 


One iliot straok the lintel, &Dd glanced 

the acreen. Oue glanced from the 
lintel, and woe atopped b; the offsets 
of the Bbntter. 


1G3 
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Can'r. 


CS 


i 


200 


No. 7 


Three Bhots etmcb offseta of 

No. 7, and were stopped. Fig. I. 
One Bhot atmck the edge nn 
of the right shutter, and ffi 
glanced tbrongli the em- H 
brBBDre ; and throQgh the B] 
screen. Three passed ffi 

Willi out touching, and ■) 
throngh the acreen. 


14 


8 


i 


Can'r. 


66 


* 


200 


No. 7 


One Bhot struck oi&et of No. 8, and 
stopped. None piBBed throogh. 
pDur shots atrnok otfeets of No. 7, 
and were stopped. One strnck the 
shoulder of the shutter, broke, and 
the fragmentB went through the em- 


1C5 


8 


i 


Can'r. 


66 


) 


200 


No. 7 


Two shots struck offsets of No. 7 fnll, 
and stopped, nnd two passed through 
without touching, and throngh the 


166 


B 


i 


Can'r. 


66 


1 


200 


No. 7 


Two shots struck o&ets of No. 7 full, 

through without touohinR, and 
throngh the screen. One shot struck 
the right outer e.lge of No. 7, 1 ' from 
the edge, and broke off a piece 1" by 
6", and stopped. 

Fig. J. 
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FIBIHQ AGAINST SECOND TARGET. 
Tabuc No. 12— Continued. 
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Cui-r. 


GG 




300 


Ko. 7 


Five balls struck offBets of No. 7 full, 
nnd slopped ; and threa passed 
throup;!! nilhont toachiiig, and 
throngh the screen. Onasholstrnck 
Iho left outer edge 2" from lUe edpe, 
and broke off a piece 2" by 4" by 3". 


168 


8 




Can'r. 


fiS 




200 


No. 7 


Two Bhots Blrnok offsets at Ko. 7 full, 
and were stopped. One went through 
the embrasure without toucliing, and 
tliroDghtheBoreen. One shot Rtrark 
the gill of No. 7, about 2" below the 
upper edge, and oraoked it 3" by 4" 
In each direction. 


109 






Can'r. 


GS 




200 


No. 7 


Five balls Btrnak offaeta of No. 7 full, 
and stopped, and ono went through 
without touohing, and through Iho 
screen. One atruck the upper odtie 
of the sill, and glanced through the 
embraaure and screen. 
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Can'r. 


GS 




200 


No. 7 


Two balls struck offsets of Ko. 7, and 
were stopped ; and three passed 
throQgh without touching, and 
through the screen. One ball atmck 
the edge of the right throat piece, 
glanced to the opposite cheek, and 
through the aureen. 
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Cm'r. 


SG 




200 


No. 7 


tlve balls atmok offsets of Ko. 7, and 
were stopped ; and eight passed 
through the embrasure aud screen. 
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Can'r. 


GG 




200 


No. 7 


Two balls struck offsets of No. 7, and 
stopped, and one passed through tho 

ricochet). One stmuk the left outer 
edge, knocking off a small piece o[ 
granite, say 1" by 1" by 1", and 
glanced through the embrasure and 
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Cw'r. 


SG 




200 


No. 7 


Two balls Btrnck offsets of Ko. 8, and 
Mopped, and one paaaed through the 
embrasure and Bcreen. One atruck 
the screen (probably by ricochet), 
but did not go through. Two passed 
through No, 7 ttillioul lonuhinf,-. 
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Csn'r. 


CG 




200 


No. 7 


Two shots struck offat'ta of No. 7, and 
stopped, and two wi^nt through with- 
out touohing.and through the screen. 
One alruck the gnnitu Bill 2" belour 
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CASESATE EHBBASVBES. 
Tabu No. IS — Cbntinvtd. 
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the edRfl and knocked off a piece 3" 
by 6" by 3"; bail stopped. 

Fig. K. 
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Can'r 
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200 


No. 7 


One shot alruok offsets of Ko. 7, and 
stopped, and t«o passed throngh 
without toQohing, and tlirongh the 
HcrBcn. One struck the shoulder of 
the left shutter, glancud to the oppo- 
site inner olieek, sad than through 
the screen. 
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Can'r 


6i 
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200 


No. 7 


One shot struck off- 
seta of Ko. 8, and F'g- i" 
slopped ; three 
s track olbete of Bfl 
No. 7, and stopped, ^M 

the latch and ^^^ 
shutter, so far dis- Jl^ 
ftbling the latch as ^mM 

time St least. 
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Can'r 


SS 
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200 


No. 7 


Three shots struck offsets of No. 7, and 
slopped, and one struck the upper 
edge of the homontal portion of the 
ialeh of the right shutter, broke and 
glanced to the otbels of the shutten 
and stopped. None passed through. 


















NoTB. — On the outer face of the nail 
around No. 7, a rectangle 4' by 6' 
was traced, to represent the exterior 
opening of an old form of embra- 
sures ; between this outline and the 
exterior opening of No. T (new form), 
111 shots strucJ in the course of the 
firing at the 2d target. In the old 
size and form of embrasures, all 
these shots would hare entered the 



FIRING AGAINST SECOND TABQET. 



Tablb No. 13. 

FlBIHO AQAINBT 2d TaOQET WITH QkAPK SbOT, BACH BHOT WBIOmNG 4 ,'ft LBB. 



Oun 8 Inch ColnmbtAd, lenzth IV 4", ireiglit 

9,240 lbs. 
riatform level with bottom of tftrget. 
Axis of gnn 4 ft. Above platform. 



Total weight ot stand of grape fil^ Ibi. 
Number ot shot in each stand S. 
Diam. of eaoh shot 3.17 Inches. 



i tbfl. dflgreea 



H Qrape 61^ i 



One shot slmok the right outer edge 
of No. 8 abont 4" from the edge ; cut 
through the briok, and was stopped 
hj the slioalder of offset which was 
covered with a piste of i Inch boiler 
Iron, doing no damage to the plate 
which it impressed aboat j of an 
inch. One shot stmok tbe granite. 

One Bliot Btrack the right ahutter of 
No. 7, 4" from the top and 6^ inuhes 
from (he edge, indentation aboat 4" 
dia. and g" deep. Tbe diameter of 
the part touohed by ball abont 2". 
The lower bolt head of the latch wai 
considerably broken olT, and the bolt 
somewhat started in. The shnttsr 
was slightly bent, behind the part 
where the shot atmck, but not dam- 
aged. The other sbntter, for want 
of a latch, was thrown partly open. 
The shot was broken. One piece, 
aboutone-lhlrdofthBahot, was found 
on the Inside, but it left no mark on 
the screen. 




CASEMATE EUBBASUBES. 



Table No. 14. 

FmiNQ AQAINBT 2d TaROIT VITH SoLIJ) ShOT or H LB8. WKIOnT. 

Otin a4 par. length IC 4", weight B.790 Ibg. 
Flatrorm level with bottom of targot. 
Axis of gtin 4' 3" above platform. 
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Ball 


24 
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200 


Do. 


Shot strncfc about 1 foot abo»e the left 
vQd of the lintul of No. 9. Fenetra- 
tion 1' 10". Exterior diameter o( 
orater about 3' 6", extending to the 
top of the wall, where it was 4' 
6", and oraoted the wall entireljr 
tbroa(;h, and extending to the end 
oflhewflUon the left. Balldidnot 
break. S'or point strnrk see Fig. N. 
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24 
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200 


Do. 


Bhot strnck to the left of the lintel of 
No. 8, about 1' QA". Penetration 1' 
3i". Exterior diameter of crat.'r 


































2' 6". Craoked the concrete hori- 


















lOnUlIy to the end of the wall. For 


















point Btmck aee Fig. N. 
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Shot strock on tlie Bill about 10" from 
the edge, on* line willi the e.lge of 
the left Bide produced— penetration 
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FIBING AGAIHST SECOND TARGET. 
Tabli No. 14 — GmHnutd. 



sill atone — oracking tlia »ill through 
lo the inner faca of the n-»ll, throagli 
botti of the Inner sill stones, nlthoat 
displacing either,OTthe Iron oSaet — 
the crnck being n alight one. Tho 
ball was brofean. The action of llie 
ball seems to hare been commnni- 
cated directly to the left throat plate; 
thence to the inner «itl Btonea, orach- 
ing the first one in a slight crack 
directly to tho rear, and loosening 
the joint of the Bill Btona with the 
cheek of the embmaare. The rear 
sill stones vere cracked directly to 
the rear, a continuation of the oraok 
through the first; this stone itm 
loosened in its bed, and at each end 
orrtohed from the cheeks. Tbearack 
at the left end continued doirn some 
18" between the brickwork and tlia 
end of the etone under the sill. At 
the other end the brickwork of the 
cheek waa slightly cracked for about 
12", in a line inclining at an angle 
of 460 to the back of the wall. A 
Hlight diatarbanoe of the mortar was 
visible in the joint between the 
brickwork, and the stone under (he 
bauk sill, as at the other end. At 
the top, the shock on the check plati) 
scaled off a small portion of the brick' 
work from the soffit of the arch. Iha 
embrasDre as serviceable as ever ap- 
parently. For point struck sea Fig. 




1 Shot struck directly under the ails of 
the embrasnre opposite the tongue 
hole, passed through, into, and 
throngii the tongue hole and under 
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the screen. Carried awiy all the 
concretB in front of the ontar Bill, aa 
low doim aa the point where tbti 
ball Blmck. Cracked tha outer siil 
stone up and down direotlj through 
the cpntre, and horiiontally towards 
tho iBfl, ftbont 4" below the lop of 
the Bill, as far as the orack caused 
bj the preriotifl shot. No additional 
derangHment of the alii stone in th« 
rear, or of the stones aronnd the 
tongne hole. The ball in pMaing 
throogh the tongue hole, did not 
Ci-Ttj away any bricks, but broke off 
the corners ot those on the inner 
edge. BmbraBore still serriceable ; 
ftllliongh, had the casemate carriage 
been monuted, the pintle would pro- 
bably have been broken. 
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Through without tODohiog. 


187 


24 


i 


Ball 
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Ball 


U 
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95 


Do. 


Passed throuRh jnat grazing six of the 
j " pUtea of the right thrvat plate, and 
loosening the joint around the bot- 
tom of the throat plale, and cracking 
the outer sill from the outer face of 
the throat plate as tar as the pintel 
hole ; also cracked the concrete in 
the roof from the joint where the 
right offset enters the intrados to 
the outer face of the wall, extending 
diagonally up to the right, about 8". 
Inner sill stones slightly slioken. 
Started the Joint on the inside at 
junction of the cheek and soffit for 
about 2' from the throat plate. Em- 
broaure aa serviceable as ever. 
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BaU 


24 
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95 


mlddls. 


Shot alrnck directly where it was aim- 
ed, grniing the boiler iron of the 
outer offset, penetration 2|"; besides 
a general bending in of ij" in addi- 
tion, extending to the top and bot- 
tom of the platea. The ball broke, 

the crater, the other half broke into 
small pieces, but none entered the 



FIBING AGAINST SECOND TABGET. 
Tablb No. H—Omtinmd. 



BlHtlKB— Jolr SI. IS, 20, II 



plftta waa indented, and bent gene- 
rallj inirantB from its true position 
sbont tg''. TixB top nnd bottom re- 
mained in position, bat at the top 
th« Joints oround tbo plalesi vere 
oonsiderablj deranged, and opened 
about i". Nearly all t}je aJKleen \'' 
plates composing (lie throat plate 
were cracked directly behind the 
crater, and two of the bolt heads 
were knocked off on the inner aide. 
Directly behind the tliroat plate on 
the inner cheek, a wedge-shaped 
mass of brickwork fl" wide at the top, 
Hsd ninning to nothing at the sole, 
and eitending towards the inner 
face from 9" to 12", was knocked'oB; 
and two cracks extended horiiontally 
on (he cheek from the throat plate 
to Ibe inner face of the wall. The 
srrh was Just visibly cracked from 
the throat to the Inner face along 
the string eourse directly behind the 
left (lirost pla(e. The skew-back 
Joint on the same side showed B de- 
cidtd d Bran gem ent, say j" on the 
inner face. The brickwork of the 
whole inner cheek was started in- 
ward about i of an inch. No addi- 
tional diatnrbance on the other side 
of tlio embrasure. Embrasure still 
serviceable. 



Ball struck 73" from the bottom of the 
extreme left iron offset plate, pra:iing 
edge of the eoncrete, struck Iron 
about i" from the left perpendicular 
edge, depth of penetration 1' 4". 
Exterior diameter of indentation SJ". 
Diameter of the holo made by Ibe- 
ball in entering 7". Interior of ca- 
vity made hy the bait 1' 2". Ihe 
left side of tliis cavi(y was abont 2" 
from the concrete cheek. Ball stmok 
the rear port of the offset plate, neil 
the throat plate, and changed direc- 
tion to the left. Kear plate broken 
in two. Inner face of the offset car- 
ried away. Ball carried before It a 
piece of the outside boiler plate. 
Ball bent the throat plate ; broke oV 
the bolt head, and fraotured the 
outer edge of the first throat plate. 
Two bollsbehind the ball bent down- 
wards. Boiler plates separated from 
concrete in direction of the middle 
of the target. Fiactnre In the brick- 
work behind throat ettlMnj*A\.oV 'iJ' 
In w\4fti aiOTi% ftw cXieOa., VS. ■** 



CASEXATE EHBBASVBES. 
Tablz No. 14 — Cond'nuei, 



11 



brickwork of this oheek driven in 
abont half nn iadh ; iubd; of the 
bricks were broken, and several ad- 
ditionail cracks np and down the 
cheek. The ball broke into fmg- 
uientB against the throat plate. Mo 
fragments thrown against the screen. 
Repairs might be anon made which 
would put the ambrasnre in service- 
able condition. 



Ball Blmck the boiler plate Jnst above 
the previons sliat, passed through 
between the throat plates and bricb- 
work ; carried away all of the offset 
above the previooe shot, and bent in 
the throat plates at the bottom. The 
bricks lining the interior of the em- 
brasure, jarred ontof place. Anopen- 
ing behind the throat plate, cansed 
by the ball, from 3" to 6" wide, and 
extended from lop to bottom. By 
removing the throat plate the em- 
brasure will still be serviceable. 



Ball struck the throat plates just below 
the shot which struuk in Ko. 189, 
carried the throat plate to the rear 
20'. First eight plates thrown to 
the right, and the second eight to 
the leit. lAll of the plates fractured. 
All of the bolts connecting tlie two 
sets of plates broken. I^bcaswa 
still serviceable. 



Fig. P. 



Plg-Q. 




FIBING AGAINST SECOND TASGET. 



Table No. 15. 

FlKINa AGAINST 2D TaBGET WITH SOLID ShOT OS 68 POUNDS WEIOET. 



Gnu 8 inoh Columbiad, length 10' 4", weight 9,2- 
Pl&tfonn level with bottom of target. 
Azit at gon 4 feet above pUtfonn. 
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A, point Htrnck. PBnelration 2' 2^". 
Ail between the lines a b and t A e 
partially rained. All outside the 
line e A c d ruined. Considerable 
portionsknoaked off, wall beinitmnoli 
slinken by previous shots. Tha ball 
foil back whole. 



Fig.R. 




Ball i'trDok at tho foot of the boilor 
plale, at the junction between it and 
the sill, penBlralion 1' 3", 
Fig. R'. 




Sal! stopped and broke to pieces. Line 
o 6 is right edge of the embraflure 
Jamb. Craok along a b and along 



CASEUATE EHBEASUBE3. 
Table "So. 15 — Continued. 
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c d to the top or the ta:^et. The 
shock cracked the rear sills entirely 
throngh, in direction of the shot. 
The right cheek was cracked ob- 
liquely from the bottom of the throat 
piece (right) to the top of the cheek 
to the rear. A large crack was made 
through the comer of the arch. 3eye- 
ral bricks were torn ont of the real 
part of the right cheek by the shock 
from the sill stone. Several scaling 
cracks were made in the cheek be- 
hind the throat plate. 



Bight Ball Btrnck the right Jamb of No. 9, to 
kT i ""* concrete near its Junction with 
^'^- " the brickwork, and about 10" below 
the plane of the lower sarfaoe of the 
lintel. The halt passed through the 
wall, leaving evidences of having 
been slightlj deSected to the left, as 
it approached the inner cheek, forced 
the throat plate completelj from its 
position, throwing the upper end 
against the opposite side of the em- 
brasure, and leaving it in the open- 
ing inclined at an angle of about 45°. 
The plate of boiler iron of the outer 
oC&et was thrown from its position 
to the front, out of the embrasnre. 
The horizontal dimension of the em- 
brasure at the throat was enlarged 
hj this shot, and hj those on the 
opposite cheek, to 4' 10". The brick- 
work to the right of the point where 
the hall struck was considerablj 
carried away within a radius of abont 
1' 9" to 1' 10", and several cracks in 
the b^s of the brickwork, extended 
G' to &}' to the right. Three large 
cracks also extended to the top of the 
wall obliquely to the right and left. 
The main effect of this discharge was 
caused by the ball passing entirely 
behind the throat plate, between it 
and the masonry, forcing the plate 
laterally from its position, as no sup- 
port whatever was furnished by the 
opposite throat, it having been ear- 
ri^ away by previous discharges. 
The plate was not touched by the 
hall or injured by the effects. All 
the briukwork of the inner cheek, 
except a part of the three lower oor- 



FIRING AGAINST SECOND TARGET. 
Table No. 16 — Continued. 



aen, naa cirried avajr, and the iU' 
ner amb was cracked through and 
throagh, from the spriag to the cromi, 
and also klDHgthsJoiuta crihelovrer 

A part of tha Boreen, about 7 feet 
square waa carried away. 



The shot utmok the left throat plate 
about 4J" below tlie top, lapping oD 
Ihe throat plate about half the dia< 
meter oflbe baU,WM deflected to the 
light, breaking out Hmnll sogmeDts 
from four of the plates, and bending 
the inner plate 1^ Inah. resetration 
4^ Inches. It also broke oJT a wedge- 
shaped pieoe of oast irou 1' high, 3" 
thick, and 2]" to 4j" broad, roeastired 
towards the inner face. The cast 
iron was also oraeked hori ion tally 
about 4" below the roof of the em' 

Fig. S. 
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brasure. Two other Hmall crackB 
wore also made, bat probabtj not 
tliroagh the maBS. Behind the cast 
iron on the inner chaek a wadge- 
ebaped mass of brichwork nboot 1' 
high, 3" thick, and 3" broad, mea- 
Bured along the cheek, was broken 
off, and aeTeral minale oracka on 
the inner face, diraolly beliind the 
iron work wore distinstlj' rUible. 
A oraok was also made on the inner 
arch, along the ring ooarses, about 
S" from the inner fsoe, extending 
from the springing Una to within six 
inches of crown. No distarhance 
was Tisible on the inner (ace of the 
wall, nor bottom of inner cheeks, 
A small part of the arch 2" thick, 
wbaro the cast iron enters, waa bro- 
ken oir. Also a small piece of the 
outer granite sill from pintle to throat 
plate, G" wide and 7" deep ; see a. 
Fig. T. Embrasure still aerTiceable. 
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88 
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200 


chwk, 
No. 8 


The shot struck the upper part of the 
left outer offset, iiicinding a portion 
of the arch, passed through the off- 
set, leaving the lower part in posi- 
tion, striking the throat plate abont 
6i" from the upper end, 2J" from the 

this plate about If". The ball was 
[hen deflected to the left, and passed 
through in fragments between the 
throat plate and masonry. The head 
of the arch where the ball struck 
was oonaiderably carried away with- 
in an exterior radius of 1' 6". The 
cracks In the brickwork did not ex- 
tend to any great distance from the 
crater (say 1' to 15"). The top of 
the throat plate waa forced in and 
to the right abont 1& inches, and was 
left standing at an angle of abont 
76° with the horiion. By removing 
this plalo, the embrasure will still 
be serviceable. The cast-iron back- 
ing was broken off about 1 foot above 
the sole of the embrasure, and the 
upper portion thrown to the rear In 
four pieces, about 15 feet. The inner 
arch was broken in two, from cheek 
to cheek, and its Junction with the 
opposite cheek cousiderably dia- 



FIBING AGAINST SECOND TARGET. 
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tnrbed. A pari of tha head of the 
Inner arch 4" to B" thick, from tho 
spring to the crown was carried 
away. The inner oheok behind tha 
point where the ball strook was hnd- 
ly fractured in all directions. About 
i of tlie brickiFork composing it was 
carripd away entirely. Tha rest was 
forced inward from 2" to 3". On the 
inner face the cracks extended from 
the nrch to the top of the wall, and 
h or! ion tally 3' from the fractar^d 
cheek. Tho sills retnain entire and 
ImmoTahte, and tho other cheek uas 
not at all injured. 

Gall Htrnck the throat plate that was 
inclined before, and carried away 
this plate. No other oB'ect. 

I'bo shot Btmok the boiler plate of the 
right QUtetoffaet, 2' from the sill, even 
with tho spring of the arch, and 3i" 
from the outer edge of the plate. Dis- 
turbed the outer uoaree of the brick, 
Joat underneath and to the right of 
the point struck, within a radius of 
about 2' 2". Also disturbed the two 
oalercounea of brick above the crown 
of the arob. Craoka of small entout 
!n the wall neac the top, Just over 
the point struck. B«ll carried away 
tho upper part of the boiler plate, alao 
the whole of tlie throat plate. The 
latter feU about 1' in rear of the em- 
brasure. Cast-iron tnrtss broken oil 
IS" above the sole; the upper part 
was carried to the left and rear, in 
two pieces, oue 1&', the other 25' from 
the einbraaure. The caat-iron piece 
remaining in place wu ilightly in- 
clined towards the oentre of the em- 
brasure ; more than j of the inner 
arch carried away. Brick facing t« 
the thiokneas of half a brick, wa* 
carried away from the inner check. 
A slight dlsturliance between the 
inner and outer alti, caused by the 
latter being wedged outward by cast- 
iron pieces. The Inner sill was not 
disturbed, except the vertical joints, 
whieh were very slightly cracked. 
Joint! aU ilightly dUtnrbed in the 
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stonework of the inner fane above 
the arch, and extendlDg to the top of 
thawall. Some oiaok* m»de before 
were enlarged, and aome new one* 
cansed in that facing. A amall 
wedge-shaped piece of stone wu 
broken from the oater bIU at the 
throat, between the iron work and 
pintle hole, Kmbrasure serviceable, 
prov Ided the remaining pieoea of cast 
iron be removed. 
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200 


No. 9 

■Dd the 

and 


The ball Btrnck 2' above and 1' to the 
left ot the point aimed at, oanyinB 
awa; aU the wall above the point 
Btrnck, from the end of the wall to 
Embraaiire No. 9. 
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lOi 


BkU S8 
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200 


Do. |BslI Btrupk a little to the right of th« 
mark, and 3" or 4" above. 
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Ball 


68 
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200 


Do. 


Ball Btrack 1' from the boll's e^a, and 

to the right above. 

NcMB.—TTie last three ehota were fired 
to gel the elevation of the piece, pre- 
paratory to firing at the cheeks of 


303 
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lOi 


Ball 


68 
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200 


CflUttB 

No. 7 


The Rhot stmck the lintel abont 4" 
above the lower edge, and 5" or 6" 
to the left of the right ooter edge ; 
shattered the liutel in all direotlona, 
and disturbed the jointa obliquelj to 
the right and left, as far as the top 
of the Ball. The ball wM deflected 
downwards, and stopped, after pene- 
trating as far as the offtets of the 
shutters, say 10". It was broken in 
pieces (partially against the ofsetit 
ot the shutters), two or three of 
which passed through the screen. 
The soreenwos not otherwise injured. 
The fracture in the lower portion ot 
the lintel rxtended in as far as the 
throat, and towards the left in two 
large cracks abont 1' 10". To the 
right, the tinlel was fractured and 
broken off to the depth of 4|", as far 
as the end and top, i. e. 1' 3". The 
inner lintel was slightly disturbed in 
Its bed, and the end behind the point 
struck, started in. The disturbanoe 
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was barelj perceptible; Ihe 
nol moved ; ueither of the a 
were St all disturbed. Sligt 
on tlie iaoer face eztende 
top of the wall. TTie erabr 
aerviceable as ever, and its 
alreiiBth not at all impaired 

Fig. C. 


I Btonc 
t crack 
1 to tb 
ftSTire a 

genen 






-^ 




































et 

r- 

of 

if- 










8M 


8 


10) 


B4ll 


BB 


i 


200 


Cantn 

No. 7 


Pasied througli without tonohing It 
embrasure. 
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68 
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Do. 


Ths ball etnii;k the offset of Ibe rig 
Blioller. the Bhutlor being open, A 
helow the top, lapping on the offfl 
very nearly the entir* breadth of t 
latter, Bay 3"; passed througli Ihia o 
Bet, and through three thiokoessea 
J" iron of the shatter between the o 




of the thntler waa broken off where 

entirely disabled. The ball waa de- 
fleeted from its direction, as it ap. 
proftohed the throat plate, indenting 
IbH latter Ij" on the onter face, and 
i" in the inner fftoa of throat pUte. 
A amall piece of the outer plate about 
2" dqUife was broken off. The baU 
ttoke in many pieces, and was de- 
fleotod through the screen to the left, 
oanying away a portion of the board- 
ing, about 0' 'by 4'. The oast-iron 
backing of the throat plate was 
broken through directly behind the 
ball, and & small wedge-shaped maaa 
B" high. 4" broad, and IJ" thick, was 
(oaled off. The upper atone of the 
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inner fiheek WAS broien throngh ver- 
tically' at 15" from the inner edge of 
the embrasure, Thia fracture proba- 
l>ly paaBed through the inner dowel 
«t the olieek stoneB. Near the oast 
iron, there iraa another crack across 
the lower corner of the upper cheek 
RtQnea.whiohpoBaiblypsaaadthrongli 
thBoaterdonrelof theinoercheek. A 
wHdge-ahapedmaBs ofstone 7" broad 
bj high, andS^'deep at the thick- 
est pftrt, was scaled oS the npper 
cheek Btonenenr the Iron. The in- 
ner portion of the broken cheek stona 
was pushed to the rear from l"to 3", 
and the joint between it and tlielin- 
tBl cooaiderably opened. Cracks in 
the inner face were considerably en- 
la:^ed, and extended vertioalty to 
the top, and horizontally to the end 
of the wall from the lintel. The 
joint between the linlel and theother 
inner cheek was alBodistorhed. The 
lintel appears to have revolved ahont 
the inner vertioal edge of the oppo- 
site cheek. The Qpper bad of Iha 
lintel was also disturbed Z' to the 
right of the embrBsure on the iaiide. 
The lower alone of the inner cheek 
on Ihe side stmok, was also alighll7 
disturbed in all its jointB, but not to 
move it from iU position. The sills 
were not disturbed. Embrasure still 
serviceable by removing the broken 
shutter. 
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The ball struck the edge of the left 
shutter, which was open, about half 
way between the top and hottom, 
ovcrhpping it abont | the thickness 
of the shutter, out out a segment of 
the inner plate Bj" high and 3" 
wide, was then apparently deflected 
very slightly to the right, cut its 
way through the offset of the shut- 
ter, and the perpendicular portion 
inside buckling the latter up against 
the throat plate. The shutter was 
completely disabled, the upper socket 
being forced entirely from its posi- 
tion. The throat plate showed a 
very slight bend, and the top was 
thrust in IJ" towards the aiia of the 
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embrasure, but notbiDR more. The 
ball was broken, and the pieces de- 
flected against the opposite cheek 
(breaking tlia upper atone and de- 
tsching numerona pieces find caus- 
ing numerous crack* in it), thcncy 
through the embraaure to the right, 
carrying awOiy a. portion of the screen 
measuring about S' hj 3'. Near); 
all of the Btone otlsot in the outer 
cheek behind the shutter was earried 
awaj, and a wedge-shaped mass 2' 
4" high, 1' 4" broad, and G" in greal- 
eit depth, waa broken off the outer 
sill at the throat, between the iron 
and the pintle hole. On the outer 
face of the wall no additional cracks 
were visible. On the inner cheek op- 
poeito the side struck, the jnnotion 
of cast iron and eheek stonoa was 
slightly disturbed. The cast iron on 
that side was not injured. Krabrn- 
sure still Burriceable by removing 
the shutters. 

NoTB. — At this 8t.ige of the experi- 
ments the disabled sli utters were 
removed. 

The bull struck the left throat plate 
11^" below the roof, overlapping the 
Inner edge of the plate somewhat 
more than half the diameter uf the 
ball; out a segment from the outer 
plate of the throat piece 9" high by 
6" broad, and small pieces from the 
two adjacent pistes. Tlie ball pene- 
trated and bent the plate 4^" berore 

ng.v. 
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it glanced off. The plale wns bent 
on the inside about SJ", and thrust 
toivarda the azIh of the eiulirasunr 
£" ftt the hottom, and J" at Ibo lop. 
Behind the -wrought iron, a wedge- 
Blisped mass of rust iron 2" liigh b;- 
10" broad and SJ" at its greatest 
depth, was broken off and thrown to 
the right and rear, in twopiecas, Qua 
10' and the other 25' distant. The 
fraature in the cast iron was con- 
tinued into the oheeksloneB, break- 
ing from them (about ^quoUj from 
each) a wedge-shaped TatLM %• <i" 
high, 9" wide, and 2\" average thiak- 
nesB. The top of the throat plate 
struct, was thrust in about ^'. 
Very little additional dialurbonce 
towards the rear at the bottom. 
Bolh the inner cheek stones on the 
side Btniok were disturbed in all 
their Joints and thrust to the rear 
about f to J". Ko additioual dis- 
turbance in the inner sill and lintel. 
The ball was probably not broken, 
and went to the right and rear. 
Erobtaaure Htill fiervloeablB. 


208 


8 


101 


Ball 


68 


i 


200 


n'^7 


Ball passed through without touobiug. 


201} 


8 


lOi 


Ball 


68 


i 


200 


Da. 


Ball struck the liutel about 1' above 
the lower edge, and about 6" to the 
Hght of lUe left outer edge of the 

downwards through the embrasnre 
in many pieces, carrying away about 
j of the outer lintel. The portion 
which remained waa ahuttered into 
many pieces; its resisting powers 
entirely deatroyed. No additional 
disturbance to the throat plate. The 
inner lintel was entirely carried 
away in two pieces, and two stones 
from the corneraboveJl. Tlio oheuk 
stones remained A,B before. On the 
outer face of the wall, the cracks 
from llie embrasure to the top of the 
wall were considerably enlarged. 
Embrasure still serviceable. 


210 


8 


lOi 


Ball 


68 


i 


200 


Do. 


Ball struck the left throat plate 5" 
below the top, overlapping the right 
edtce about J the diameter of the 
ball, cut out unall segments from 
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Table Ko. 15 — Conlinued. 
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the two outer J" plates, and wns <1«- 
Dectod to thu right. AU lliu eight 
plates wore beat to the rear aliout 
2" : ("oine of th^m cracked. A pietu 
of the inner one, Hhout IJ" wi.le, 
BUtendiug down H" from the top, was 
broken off. The top of the throat 
pkte was set in towanla the nxia 
alKiat^" more than it was before. 
No additional ilernngeinent in tlia 
Billfi or eheek stones. Kuibrasora 
itill Kervlceahle. 


211 


S 


101 


Ball 


68 


i 


200 


Lfrt 
No. 7 


Hall struck the left throat platt above 
the middle, poKsing lo the rear he- 
Tying the plate and the nppor half 
at the oaat-iron backing, about 20 
jarda to the right and rear. 

The inner opposilB olieek was slrnck 
by aoinn of the fragments, and the 
frHoturea enlarged. Another pieca 
of the upper stone of the inner cheek 
was carried away, about 8" wide, 1' 
high, from 4 to 6" thlok. A piL'ce of 
tiie alone above the outer lintel 17" 
long and 1" thiok was also tiarried 
off. Embrasnre atlU serviouablB. 


212 


S 


m 


Bill 


6J 


i 


200 


Do. 


Ball struck the top of the right thrunt 
plate, knocked it and the cast-iron 
backing from Ita position, learing 
them across the throat of the em- 
brasure, and breaking off a wedge- 
shaped mass of etone 18" long, 18" 
higli, and ii" In aTernge thickness 
from the lower stone of tlie Inner 
cheek. The ball glanced to thu inner 
oppoaitealieek, starting the Inner half 
of the upiwr cheek stone about 4" to 
the rear.and cracking the other por- 
tion In all directions. The inner 
iwrtion of the upper sill stones be- 
hind the side struck, Kaa Unookixl 

oir, tbe fracture passing thtoagh 
the inner dowel hole. Hmbraaure 
scarcely servicenhle without Home 
repairs. The stonework uhuve the 
roof of the embrasure would require 
propping up by some timber to pre- 
vent tbe blast of the piecn from 
brindnK- it down. Tlia princiial 
cracks in the clieek stoiicn were 
throogh the dowel holes. This shot 
was broken. 
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Table No. 16. 

FlHINQ AOAINSX 2d TaBQET WITH SoLID ShOT OF 128 POUNDS WUQHT. 



Onn 10 inuh Colnmbiad, ]euglh IV 6", weight lG,4001b*. 
Platform level irith bottom of target. 
AiiB of gun 4 feet above platform. 



I I 



KUABEs-JalTlS, 1( 



B Ball Btriiulc at Ibe point aimed at. 
Penetration 7J"; was ituelf broken 
up, BbattHring the wall badlj in all 
directions, and opening the Tertic&l 
joints in many places, as muoli at 
4" to 6". The bait struck a hori- 
Eontal joint ; shattered the upper 
and lower stonoa into a great many 
pieces. In rear of the point slrnok, 
two fltretchers from 2' to M' long were 
knocked out of the inner facing. 
All of the joints in the wall were 
dialnrbed by preeions shots. Tht- 
result was not, therefore, a fair teat 
of the resisting powers of a S feet 
granite wall. 

» A good line shot, but struck 1' above 
" the point aimed at ; was broken as 
before. Penetration 10". Shattered 
the two adjacent stones abave aud 
below, in all directions, and opened 
all the verticHl joints to the top of 
tlie wall, in some places as much as 
1" to 2". The Blrelehers in both 
courses between the stone stmok, 
and the clieek stones of No. 7 were 
thrust out 3" or 3" lowardi the bat- 
Urg, roToWing around the vertical 
edge farthest from the point struck. 
The horizontal conrsea below the 
stones strnok, snOered very little 
disturbance. The ball atmck 2' 9'' 
from the brickwork. There was a 
general separation of the stone and 
brickwork to the top of the wait, 
but not extending below the course 
struck. On the inner face of the 
wall, tliere was little additional dig. 
turbance. Opposite the point struck, 
the stones did not appear to have 
been started in. One stone, about 
2' from the top of the wall, was 
it»rt«d in about I". 
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RaiilMll»—3alj £S, lUO, 


Na. 


Ineb. 


lb.. 


ki»i 


lb.. 


d.g«.. 


Td., 


.. 1 


21G 


10 


16 


Ball 


128 


J 


114 


^'I'l' 


Ball struck the point aimed at. Pene- 
tration 3 fuet 5J Inches. Eileriorrn- 
diua of orsterSfeet 3 inolii-s. The ball 
nnbroken rBmained in the bottom of 
the crater. To Uie right of the point 
Btrnck, the openings oauaed by shot 
No. 214 were enlarged, and severRl 
additional c racks vie re made, ex- 
tending obliquely to the top of tliH 
wall. On the inner faoe, the cracka 
did not appear to extend lo the 
foundation of the wall. The inner 
stone facing, lo the extent of &' high 
and 4' broad, was knocked out, and 
nothing but broken fragments of 
conorole from the heart of tiie wall, 
covered the ball. Upon removing 
these hj hand, the ball was disco- 
vered. A very little mora powder 
would probably have sent it entirely 
through. Tlie inner facing of th« 
wall was rabblo masonry, of small 
dimensions. 


2ie 


10 


18 


B... 


128 


1 


114 


worn 


Ball struck about 1' above the ground. 

of crater 2' 3". The wall was cracked 
to the top, but not badly, there being 
only one crack of that extent. Tlio 
small cracka radiating from the cra- 
ter were not generally more than 10" 
or 1' in length. Abont 5' obove the 
ball, there was a horizontal crack 
extending entirely across the brick- 
work between embraanres Nos. 8 and 
9, This was cansed in part by pre- 
vious shots. The general effect of 
the ball In this brickwork was fur 
less extensive than in the granite. 
On the inner face at the wall, cracks 

bottom, though not largo. Nearly 
nil the horlionUl JoinU were slightly 
disturbed. One stone, about IB to 
20" square, directly behind the ball, 
was Etarlod to the rear about 9", and 
the one above It tnnn 3" to 4". The 
ball was not broken. 


SIT 


10 


IS 


BaU 


128 


i 


114 


Cliirlu- 

No.'s 


Ball struck about 34' to the left of No. 
8, on a line with the sole. The ball 
passed unbroken through the wall, 
and about 20' to the rsar. Uaxlmum 
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radiui of crater on the exterior fuM 
2' 10". Ko eiteoBive cracks in ad- 
dition to those existing befi>ra on the 
interior of the wall; alt the rubble 
(inner) hcing, extending from Km- 
hrasure No. 8, nearly halt way to 
No. 9, was carried away. In the 
part remninin;;, no additional oraoka 
of great extent were caused. 


















Note.— In the Charleston, aa in tha 
northern hricka, although the local 

in the granite, the general effects 
areloas exteasive. There were fewer 
vertical cracks to the top of the wall. 



SECTION TI. 

Remarks as to Condition, Comparative Strength^ §-c., 
of the Two Targets. 

86. Itt noting the effects of firing upon the masonry 
" of the first target, it was plain there was not so great 
; a degree of cohesion between the mortar and other 

materials as had been expected from the pains taken 
in the construction. Whatever may have been the 
cause, this was made very evident by certain results 
in the course of the firing; and it induced more than 
common care, as to materials and workmanship, in 
the construction of the second target. 

87. As to comparative strength and solidity, there- 
fore, the 1st target may, probably, be regarded as in 
no degree superior to walls of the sarae materials and 
age, in fortifications generally. 

88. While the second target, constructed with strict 
conformity to the instructions before quoted, was pro- 
bably somewhat better than such walls. 
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89. Both were, however, much inferior in hardness ^t^^^fj^^^a 
and cohesive strength to what they would have be- JJt'h uJgeu. 
come, even in some ten or fifteen years. And it is 
worthy of consideration that the brick, and the con- 
crete portions, were much worse off in this particular 

than the part formed of granite blocks, since the 
importance of time, as an element of strength in con- 
structions of this nature, is the greater as mortar 
enters in the greater proportion — ^that is to say, is of 
much more importance in brick masonry, or in con- 
crete, than in stone masonry, or at any rate in coursed 
stone masonry; in the latter, its importance being 
inversely as the magnitude of the individual stones, 
that go to make up the wall. 

90. The shutters of Embrasure No. 7 (2d target), ^^''utters.^ 
though pretty well hung, were not perfectly centered ; 

and the friction was therefore too great for them to 
close entirely by spontaneous movement, on the dis- 
charge of the gun — although one leaf closed, and 
remained shut, in one instance. The same leaf was 
about half closed by each of the other discharges ; 
while the opposite leaf, more imperfectly centered, 
was found each time moved out only one or two 
inches from the cheek of the embrasure. When the 
gun was depressed about 4°, and trained at the same 
time about 30° away from the directrix, some injury 
was done to the shutter-catch on that side, owing to 
weakness in its confining bands. 

91. On the whole, there is no reason to doubt that si«uttorK 

' may be 

shutters like these in the second target, heavy as they ^;,^;j^* 
are, may be caused to close, of themselves, at each 
discharge. They must, however, be truly centered, 
and have strong, and freely moving hinge-pivots and 
latch. A stiff spring, acting on the back of each 
shutter, would, at any rate, insure the closing. 
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dLmp'a 92. The mortar in the interior of the masonry and 

""** *'' concrete of both targets, as exposed in the breaches, 
was, although to a certain degree solid and hard, de- 
cidedly damp, not to say wet — as was plainly shown 
by the darker color of the inner portions, and as was 
evident to the touch. 

^Sitenew^'" 93. Both targets were quite new — the time inter- 
vening from the completion of the first to its destruc- 
tion, being about fifteen months ; and with the second, 
about thirteen months. 

pac^teroport- 94 ^ (ji^gg examination of the different kinds of 



Oillmore. 



masonry in the second target, after the firings had 
ceased, elicited the following facts, as reported by 
Lieut. Gillmore. 
utiJ^ldht- 1^^' "T^® adhesion of the concrete to the brickwork 
^ to brick was greater than to the stonework. The difference 
au^^.one- j^pp^^^.^^ ^^ j^g considerablc, and any material devia- 
tion from this result could always be traced to imper- 
fect manipulation. Some of the irregular fragments 
of the wall broken off by the heavy shots, and con- 
taining from one to two cubic feet, were composed of 
brickwork on one side and concrete on the other, 
connected by a vertical plane surface joint, and after 
falling to the ground from a height of 8 or 10 feet 
remained unbroken. Of the two kinds of brickwork, 
the adhesion to the concrete proved to be largely in 
favor of the northern brick. 
^Ji^n'ot^' 95. 2d. In the body of the concrete, the adhesion 
mMWi^to of the mortar to the brick fragments was somewhat 
briSiraSd' ffreater than to the stone fraffments. The adhesion 

•tones, to O , ^ 

f^^cC^^ to the gravel which was rather smooth, and to the 
""'***'• rounded stones placed in the different layers, was 
rather slight. It was found that, with every precau- 
tion, the junction between the masses of concrete 
made on different days, was always considerably leps 
firm than between the consecutive layers made on the 
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same day; and the fractures from firing generally 
took place along these principal planes of division, 
first. Where the concrete formed a portion of the 
face of the wall, the termination of each day's work 
could generally be readily traced with the eye. 

96. 3rf. The fine concrete of Embrasure No. 9 was sdfact: une 

concrete of 

somewhat stronger than that adjacent to it on the SSl'S"''" 

face of the wall, though not to the extent which the 

double quantity of cement, which it contained, might 

lead us to expect. 

4ith. The adhesion of the mortar to the brickwork ^th fact: re- 
lative adhe- 

appeared somewhat greater than to the stonework. ip^tobSX* 
It was diflScult, however, to institute a comparison wwk!^°*" 
between these two kinds of masonry from the greater 
ease with which the brickwork could be examined. 

5fA. The adhesion to the mortar was greater in the i^J^j^^^^^' 
northern brick than in the southern. In the former, JiiV nStT 
indeed, this quality was quite remarkable, overcoming Zlthm 
in many cases the strength and tenacity of the brick 
itself, when it was attempted to separate a joint with 
a chisel or hammer. In such cases generally the sur- 
face of separation after following obliquely for some 
distance the mortar of the joint, would branch off 
into the brick, giving in the two materials a continu- 
ous conchoidal fracture. In both kinds of brickwork 
the mortar appeared to be harder and stronger in pro- 
portion to its proximity to the face of the wall, indi- 
cating clearly that a longer time, and a more complete 
evaporation of the moisture, in the wall, was necessary 
for the mortar to attain its maximum strength and 
hardness. The same may be said of the concrete. 

97. 6th. The adhesion of mortar to brick in the «ti» ft^ct: r«- 

latire adhe- 

horizontal joints was thought to be somewhat greater JiJVbriS". 
than in the vertical ones ; though to a very small ind^VwiuST/ 
extent. In laying up the brickwork every precaution 
was taken, and as this final examination showed with 
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complete success, to secure the most perfect contact, 

and the maximum density in the vertical joints, by 

using plenty of mortar, and forcing each brick well 

up towards those adjacent to it. 

lili/riLihl!" 98. 1th. In the horizontal joints, no diflFerence 

Honui'' ***"^' could be detected in the adhesion of the mortar to 

Wcki above the bricks below, as compared with those above. 

or below the ' *■ 

Zhtilt' ad ^^^* ^^ ^^^ ^^^ appear that soaking the bricks in 
loakSS ""^ cream of cement gave better results than soaking in 
^'*'"'' pure water. When the latter method is employed, 
the process loses much of its virtue, unless the bricks 
are laid as soon as they cease to drip, and before the 
film of water has left the surface ; with a stiff mortar 
it was found that much better contact could be 
secured when the brick was quite wet at the moment 
of laying. 

Thoroughly soaking the bricks will not suffice, 
unless they are laid with the free water upon the 
surface ; if such be not the case, the mortar should 
be quite thin to insure a perfect contact ; but by 
making it thin, its ultimate density is impaired. 
IHuInuio"'* 99. 9M. It did not appear that the concrete was 
loiTpiSS improved by soaking the solid parts in cream of 

of concrete • i /» 

J a cream of ccmeut lustcad of water. 

cement. 
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CHAPTER II. 

EFFECTS OF THE FIRINGS UPON THE DIFFERENT MATERIALS 
USED IN BUILDING THE SEVERAL EMBRASURES OF THE 
TWO TARGETS. 



SECTION I. 

Effects of firing from 42 pdr. and 8" Columbiad, with 
iron canister shot of li lbs.; 6.88 oz.; 5.10 os.; and 
3.33 oz. — distance 200 yards. 

100. Upon granite. — Generally no eflfect: when J^';*;;;^^ 
striking near edges or solid angles, producing cracks, 
knocking off pieces of stone, and driving several 
small fragments through the embrasure (105 and 107, 
Table No. 9), (16, Table No. 3). A piece broken off 

8" by li" by several inches in depth (134 to 142, Table 
No. 10). Another 15" by 4" by 4" (161, Table No. 12). 

101. Upon brickwork. — Holes were made in the ^^rk^''*"^" 
brick facing, varying in depth and diameter with the 

size of the shot, the penetration being a little greater 
in the southern than in the northern bricks. Pieces 
were broken from edges (8 and 14, Table No. 2; 15, 
20, and 22, Table No. 3). A piece 5" by 4" by 3" 
broken out of arch. (117, Table No. 9.) 



comont- 
coDcrete. 



102. Upon cement concrete. — Holes made in the up«n 
face of the concrete — diameter 6^" to 10", depth 2" to 
4" (8, 10, 12, Table No. 2), (15, 16, 17, 18, 19, Table 
No. 3), (115 and 119, Table No. 9), (123 and 142, 
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Table No. 10). When a shot struck upon, or near, a 
solid angle, an irregular mass was knocked off from 
6" to 16" in length, by 2" to 8" in breadth and thick- 
ness (9 and 20, Table No. 2), (120, 122, Table No. 9). 

MP^hltitic 103. Upon asphaltic concrete. — Holes made in the 

concrete, fj^^^ 5,, j^ y, diameter by about 2" depth (16, 18, 22, 

Table No. 3). One mass knocked off a solid angle, 
V high by 4" broad; another, 17" high by 5i" broad 
(17 and 20, Table No. 3). A shot struck 4" from 
edge of asphalte, producing cracks 7" to 8" long, ex- 
tending to edge (19, Table No. 3). 

wncm?.'^ 104. Upon lead concrete. — Holes equal, about, in 
width and depth to the diameter of ball — no cracks 
and no fragments of any size thrown off (17, 18, 21, 
22, Table No. 3). 



SECTION II. 

Effect of firing from a 42 pdr. and 8 inch Columbiady 
with grape shot of 4:.20 lbs. each — distance 200 yards. 

iranue. 105. Upon granitc. — Generally no effect. One shot 

cracked off the corner of a granite block 8" or 10" 
(34, Table No. 4). 

LSiSn^r?!"^ 106. Upon brick masonry. — Craters were produced 
in the face about 8" in diameter and 4" to 5" deep (23, 
24, Table No. 4). At junction of brick and cement 
concrete the hole was 15" in diameter by 3" deep (28, 
Table No. 4). Shots struck near solid angles with 
various effects, generally, a few pieces of bricks were 
broken off (24, 34, Table No. 4), (179, Table No. 13). 
In one case (23, Table No. 4) the effect at the end of 
the target was considerably greater. 
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cemont- 
ooncrete. 



107. Upon cement concrete. — The holes in the face ^po^* 
varied in diameter from 12" to 15", and in depth from 
3" to 4" (25, 27, 37, Table No. 4). There were vari- 
ous effects according to circumstances (28, 31, 35, 37, 
Table No. 4). 

108. Asphaltic concrete — was not struck. ^Tcwlo.'' 

109. Upon lead concrete. — An impression was made JJfncwto*'* 
equal in depth to 8 the diameter of the ball, and of 

a diameter equal to that of the ball, which was not 
broken; no fragments beyond mere spiculse thrown 
off, and no cracks. 

SECTION III. 

Firing from a ^2 pdr. and 8 inch Columbiad^ with mus* 
ket balls as canister shot — distance 200 yards. 

110. Produced no effect upon any of the materials J[^^^*!jJ5,^ 
— the leaden musket balls being flattened upon all. «*"o*»«d 

SECTION lY. 

Firing with 42 pdr.^ spherical case shot filled with mus- 
ket balls — distance 200 yards. 

111.' Upon granite. — ^When granite was struck be- upon 
fore the bursting of the shell, the effect was consider- 
able — pieces being broken off— cracks produced — 
joints opened, and motion caused in joints (39, 42, 
43, Table No. 5). 

112. Brick masonry — ^was not struck. Salary. 



113. Upon cement concrete. — ^When a solid aiigle upon 

•» • 1 1 • cement- 

was struck, the effect was considerable — pieces, some- concrete. 
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times of large size, being knocked off (40, 41, 47, 
Table No. 5). 

isplTaitic 114. Upon asphaltic concrete. — A shell striking per- 

roncrete. pendicularly on the face, produced a crater 2 feet in 

diameter and 7 inches deep. The bursting caused no 

further injury. The embrasure was still serviceable 

(48, Table No. 5). 

Lead con- n^^ jA^ Icttd concrctc — was not struck. 



SECTION V. 

Firing from a 4:2 pdr. with loaded shells — distance 200 

yards. 

g^nue 11^' ^P^^ granite. — The granite blocks near the 

right top course being struck, were considerably dis- 
placed (86, Table No. 7). 

IdmSiiV^''^ 117. Upon brick masonry. — A crater was formed 2' 
in diameter and 1' deep; shell broken by the concus- 
sion (87 and 88, Table No. 7). 

rponiead 118. Upon lead concrete. — A crater was produced 

concrete. -« * 

r 4" wide and 8i'' deep. The shell exploded in the 
crater — no cracks, and none but minute fragments 
sent off from the lead (88, Table No. 7). 

Kabbie 119. The rubble masonry, cement concrete, and as- 

rJSriiS"" phaltic concrete — were not struck. 

asphaltic 
concrete. 
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cement- 
concrete. 



SECTION VI. 

Firing from a 24: pdr. with solid shot — distance 95 

yards. 

120. Upon cement concrete. — Ball, striking not far ^^J^ 
from left end and top of target, penetrated V 10"- 
crater about 3' 6" in diameter, extending to top — 
cracked the wall through, and out to the end — ball 
did not break (182, Table No. 14). 

121. Another, struck a little lower, entered 1' 3 J", i^^^^^' 
diameter of crater 2 6" — made a crack out to the end 
(about 5 feet), (183, Table No. 14). 

122. Another, penetrated (about 10") to the outer Another. 
sill stone, which is cracked slightly, as well as the 
inner one, without displacing either-— cracking and 
disturbing a little, the brickwork and iron work of 

the throat of the embrasure (No. 9), see (184, Table 
No. 14). 

123. Another ball struck below Embrasure No. 9, Another. 
at the junction of the cement concrete and brick- 
work, passed through a thickness of 2 feet into and 
through the tongue hole, which was 7 inches high : 

did not touch its top, bottom, or sides, carried away a 
mass of concrete in front of the sill, which it cracked 
but did not disarrange (see 185, Table No. 14). 

124. Other shots from the 24 pounder aimed chiefly other shon. 
at the iron work of the embrasure, broke away more 

or less of the contiguous concrete and brickwork. 
Eflbcts upon the iron work to be stated further on. 
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SECTION vir. 



Upon 
granite. 



Upon rub- 
ble-work. 



Upon brick- 
work. 



Firing from a 42 pdr. mth solid shot — distance 200 

yards. 

125. Upon granite. — The craters formed in this 
material by shots striking perpendicularly, were of 
irregular form — from H to 3 feet in diameter, and in 
depth about 4 inches. When the balls struck near 
edges, fragments, sometimes large, were broken oflf; 
and in some cases fragments of the stone and of the 
shot, passed through the embrasure, tearing away 
large portions of the screen behind. Moreover, cracks 
were thrown oflf to a considerable distance from the 
point struck, often entirely through the largest stones. 
Joints were opened for some distance. The balls were 
generally broken (see 57, 58, 59, 60, 61, 77, 78, 79, 
80, 83, 84, Table No. 7). 

1 26. Upon rubble-work. — The interior rubble facing 
of the target, which was of rather small stones, and 
not well tied to the wall by headers, was started in- 
wards in one or two cases; and was frequently 
cracked and jarred. 

127. Upon brickwork. — ^When the ball struck the 
wall perpendicularly, the craters formed were in 
diameter about 2' 6" and in depth from 1' 6" to 2^. 
Where the rear lining of the target was of brick- 
work, the portion behind the crater was considerably 
cracked and jarred. The greatest eflfect was pro- 
duced by shot No. 65, Table No. 7, which see. The 
balls generally did not break (49, 59, 60, 64, 66, 66, 
68, 69, 70, 72, 76, Table No. 7). 
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128. Upon cement concrete. — The eflFect was great, J'ji^j^^, 
particularly when the balls struck near a solid angle ; ^***'^'«** 
considerable masses were then broken off; cracks were 
generally produced, with a shattering of the material. 
Balls sometimes broken and sometimes not. (61, 62, 

63, 64, 76, 81, 82, Table No. 7.) 

129. Upon aspkaltic cona-ete. — Effects very decided, ^^^^^i^ 
The concrete was either removed entirely when struck, ''''''"^^' 
or very much cracked and shattered. (66, 72, 73, 83, 
Table No. 7.) 

130. Upon lead concrete. — The effect was very J[j^»^^^j*»d 
favorable to this material; the penetration was 12 
inches, and the diameter of the crater from 14" to 15", 

of very regular form — no fragments of any size — no 
cracks. The balls were broken and stopped. (49, 
67, 70, Table No. 7.) 



SECTION VIII. 

Firing from S-inch Columbiady with solid ball of 6S lbs. 

Distance 200 yards. 

131. Upon granite. — When the stone was struck ^p^<jjj^^ 
directly, as in 203, 209, Table No. 15, the effect was 
great, fragments of stone being broken off, sometimes 
large, and carried through the embrasure with much 
force— extensive cracks being produced, and joints 
opened, and disturbed in the vicinity of the point 
struck, both on the inside and outside of the wall. 
When the irons were struck, the granite in contact 
with them was broken, cracked, and shattered — joints 
being opened or jarred in some instances for a con- 
siderable distance from the point struck. (196, 199, 
203, 205, 206, 209, 211, 212, Table No. 15.) The 
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Upon brick- 
work. 



Tpon 

cement 

concrete. 



balls were generally broken, and passed through the 
embrasure in fragments, tearing away, with pieces of 
stone, large spaces from the screen. 

132. Upon brickwork, — A considerable crater was 
produced by striking this material. Generally the 
eflFect seemed confined to the immediate vicinity of 
the point struck ; although in some cases there were 
pieces of the brick wall broken oflf, and cracks pro- 
duced on the inside as well as on the outside of the 
wall. (195, 196, 197, 199, Table No. 15.) 

133. Upon cement concrete. — The penetration 
seemed to be about two feet (193, Table No. 15). 
Cracks were formed, extending for several feet in 
diflferent directions. The material was much shat* 
tered at, and near, the point struck. When striking 
cement concrete alone, the balls were not broken 
generally. 



mM^ni^^^*' 134. Upon rubble masonry. — ^This was not struck 
in this firing, but the effect of the ball was, in many 
cases, transmitted through the wall, and where the 
inner face was of rubble, caused cracks therein, and 
occasionally threw off small portions that were not 
well tied in. 



Asphaltic 
concrete. 



135. The asphaltic concrete was not struck in this 
firing. 



Upon 
granite. 



SECTION IX. 

Firing from lO-inch Columbiadj with solid balls of 
1 28 lbs. Distance 114 yards. 

140. Upon granite. — The penetration in granite 
was from 7i to 10 inches — the effect was to shatter, 
crush, and crack in all directions, the stones at and 
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near the point hit. Joints between the granite blocks 
were opened, sometimes as much as four inches. In 
the firing (214, Table No. 16) two of the blocks near 
the point of impact were, by reaction, brought out 2" 
or 3" in a direction opposite to the shot's motion — 
that is to say, towards the gun. The eflfect upon 
the surrounding bond was much less — indeed, it was 
quite slight in directions where there was firm sup- 
port, that is, towards the foundation, and towards the 
left — than upwards and towards the near right end 
of the target. Some rubble-stones in rear of the 
points struck were knocked out of the rear facing. 
(213, 214, Table No. 16.) 

141. The rubble was not hit by these balls; but R"^^^« 
when it formed the inner facing of the target, behind 

the point of impact, it was started from its bed, and 
sometimes stones were thrown entirely out. (214, 
215, 216, 217, Table No. 16.) 

142. Upon brickwork. — Although the local eflFects ^pjj^*^^*" 
in this material appeared to be considerably greater 

than in granite, the general effect was less wide- 
spread ; but this may have partly, at least, been due 
to its being supported on both sides, while the granite 
was sustained on one side only, by much masonry. 
There was no apparent difference as to resistance, 
between the northern and southern bricks. In one 
case (217, Table No. 16), the ball passed entirely 
through the wall. But it is essential to bear in mind, 
as to all these effects, that the target was then very 
much shattered by previous firing. Of course the 
resistance to many of these heavy balls was consider- 
ably less than it would otherwise have been. (214, 
215, 216, 217, Table No. 16.) 

143. The cement concrete was not struck by any of SS?Jte. 
these 10-inch balls. 
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CHAPTER III. 

EFFECTS OF FIRINGS UPON THE IRON SHUTTERS, THE IRON 
FACINGS, AND THE IRON THROAT PIECES OF THE EM- 
BRASURES. 

SECTION I. 

Effects upon the shutters of J" boiler irouy produced by 
musket balls, canister shot, and grape shot, fired from 
large guns within short distances. 

Imiir*^^' 144. Musket balls produced no eflfect. 

ILr weigh- 1^^' Canister ^Aof, weighing '5.10 ounces, made a 

MO**!*" rather slight indentation. In one case the plate of 

• iron was cracked open. In another, a piece one-half 

the size of the ball was cut out of the edge ; and in 

another, the hinges were broken or strained. (15, 20, 

21, 22, Table No. 3.) 

Thotoru ^*^' Canister shot, weighing 1 J lb. each, produced 
ii.H. weight, j^ these shutters depressions from J" to i'' deep— one 
shot caused a crack. (14, Table No. 2.) 

oM^'ibs! 1^^- Gr^P^ ^^^'5 of ^-20 lbs. each (diameter 3M7) 
''•"'*^' passed through, or entirely carried away, these i inch 
shutters. (25, 28, Table No. 4.) 

Spherical 148. A spherical case shot struck one of these i" 
shutters, and cut out a segment 9" high, and 21" 
broad ; but the shutters were notwithstanding left on 
their hinges. (47, Table No. 5.) 
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SECTION II. 

Effects of firing upon the shutters 1 i inch thick, com" 
posed of three plates of i inch boiler iron, well riveted 
together. 

149. Canister shot, weighing 3.33 ounces, made only ^^^l''^^^ 
a slight indentation on these shutters, one shot striking ''"• "^^^^^^ 
the latch, disabling it temporarily. (168, 160, 161, 

162, 163, 176, 177, Table No. 12.) 

150. Canister shot, weighing li Ib.y produced in- |?hotonj 
dentations i" to J" deep, and li"in diameter. One '^^^^^^ 
shot broke oflF horizontal portion of the latch, (105, 

106, 114, Table No. 9.) 

151. Grape shot weighing 4.2 lbs. — Made an indenta- o/llg ibi^' 
tion 4'^ diameter and fi" deep ; the shutter was slightly "^"^^^ 
bent; the shot was broken and stopped. (180, Table • 

No. 13.) 

152. Solid shot of 68 lbs. — The shutters being open soiidshot 
were struck, in one case upon the oflFset, in the other ''•*«^* 
upon the edge. In both, the shutters were much 
injured and disabled. (205, 206, Table No. 15.) 



SECTION III. 

Effects produced upon the boiler iron facings (J'' thick) 
of the offsets of the embrasures, by musket balls and 
canister shot. 

153. Musket balls and canister shot, varying in Musket baiu 

' J ^ and oaniater 

weight from 3.33 oz. to 1} lb., produced no injurious rngt'nwe'g'ht 
eflFect — that is to say, when the offsets of the embra- SS!"to u ib. 



128 



CASEMATE EMBRASURES. 



Orape shot 
did uot 
strike. 



sures were thus covered, no fragments were broken 
from them and carried through the embrasures, as 
was the case from unprotected facings of stone, bricks, 
or cement, or asphalt concrete. The indentations in 
these iron plate coverings of half an inch in thickness, 
made by the li lb. canister balls, were from 1" to I" 
deep and 14" in diameter. (115, 119, Table No. 9; 
123, Table No. 10; and from 158 to 177, No. 12, 
inclusive.) 

154. In no instance were these half-inch coverings 
struck by grape shot. 



Effect of 42 
pdr. balla. 



SECTION IV. 

Effects produced upon the 2-inch offset plates of wrought 
iron inserted in the outer cheeks of Embrasures Nos. 
4 and 5. 

155. A 42 pdr. ball struck one of these 2-inch plates, 
broke a piece out of it, and jarred the whole of that 
cheek; it was itself broken thereon. Another struck 
the left throat plate, also two inches thick, cutting 
out a piece about i the area of the ball, which passed 
on ; it, besides, bent the plate a little, and jarred it 
in its position. Another struck on outer oflFset plate, 
broke a piece out of its middle, passed on, and was 
stopped by, and broken on, the second plate, which 
was uninjured. (49, 50, 64, Table No. 7.) 



SECTION V. 

Effects of firing upon the wrought-iron throat pieces. 

156. The throat pieces of Embrasures Nos. 3, 4, 7, 
graje^silo?'^ 8, aud 9, stoppcd musket balls, canister shot of all 
sizes, and also grape shot of the weight of 4.2 lbs., no 



Mn^ket 
ballx, canis- 



weight, 
stopped. 



effects being produced upon them, except unimport- 
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ant indentations, (18, 20, 22, Table No. 3 ; 30, Table 
No. 4; 51 to 56 inclusive. Table No. 6); and (107, 
113, 116, 122, Table No. 9, to 138, Table No. 10;^ 
143 to 157, Table No. 11; 158 and 161, Table No." 
12.) 

157. A 42 pounder spherical case shot, weighing ^p^^^^'i 
39 lbs., struck shutter of No. 3, near its junction with ''^^''^■ 
gorge plate, indented the plate to the depth of about 

2 J inches, and caused a considerable bending of the 
whole plate. (47, Table No. 5.) 

158. A solid shot from a 24 pdr., distant 95 yards, Miid!Ihot,at 
was well resisted and entirely stopped, by the throat wV^Sl*" 
plates of No. 9. But after several shots had struck 

the same plates, the injury was considerable — the 
final result being the entire removal of the plates. 
(189, 190, 191, and 192, Table No. 14.) 

159. Some 42 pdr. solid shots striking gorge plates Jhoto^''^"'* 
of No. 3 and 4, bent them, and finally tore them from 

their fastenings. (63, 66, and 74, Table No. 7.) 

160. The throat plates of No. 8, on being struck ^JJ; ■<>''«* 
two or three times by 68 lb. solid shot, were carried 
away, the cast-iron backing being cracked and having 
pieces broken oflF. 

161. A 68 lb. ball striking the right shutter and t^X^i"^ 
throat plate of No. 7, was broken into many pieces, 
impressing the throat plate to the depth of li inch, 

but not displacing it — destroying the upper part of 
the shutter. (205, No. 15.) 

162. Another 68 lb. ball striking the left shutter ^no^er <» 
of No. 7, destroyed it, was itself broken, and deflected 

in fragments by the resistance of the throat plate, 
which was but little disturbed. (206, No. 1 5.) 

163. Another ball of the same calibre struck the Another. 
same throat plate, and was deflected from it. (207, 

No. 15.) 
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Another. 164. Anothcr 68 lb. ball was received by the same 

throat plate. (210, Table No. 15.) 
Another. iQ^ g^ju another, which carried it away. (211, 

Table No. 15.) 

Another. jgg Another struck, with about half its diameter, 

the left throat plate of No. 8, near the top, cut out a 
portion, broke off some fragments from the thin plates 
of which it was composed, was deflected— did not 
materially disturb the position, or change the form of 
the throat plate. (196, Table No. 15.) 

Another. 167^ ^ 68 lb. ball was broken on the left inner 

edge of the left throat plate of No. 8, doing little 
injury to the plate, but forcing it into an inclined 
position in the throat of the embrasure — this move- 
ment of the throat plate in its own plane was partly 
owing to the damaged state of the embrasure. (197, 
Table No. 15.) 

Another. jgg '£1^^ jj^^t shot hit, aud carried entirely away, 

this throat plate. (198, Table No. 15.) 
Another. jgg Auothcr of these balls penetrated between the 

right throat plate of No. 8 and the brickwork, car- 
rying the throat plate through the embrasure. (199, 
Table No. 15.) 
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CHAPTER IV. 

EXPERIMENTS UPON THE EFFECTS OF THE BLAST OF GUNS. 

SECTION I. 

Table No. 1 7, tvith preceding remarks. 

170. The course of the preceding experiments 4aS™fo** 
having shown, more and more clearly, the great ad- St^SPbiMt 
vantage of a reduction in the size of the opening of ««^ 

the embrasure at the throat, as well as at the exterior 
face of the wall ; some attempts were made to mea- 
sure the cone of blast at the mouth of the casemate 
gun, as it was important to know how near the path 
of the baU the soUd angles forming the throat might 
be brought, without danger of being deformed, or 
destroyed by the blast of the discharge — these solid 
angles being, even in the most oblique direction of 
the gun — namely, 30 degrees from the directrix — 
only 2}^" in advance of the plane of the muzzle. 

171. On some suggestions from the chief engineer, SSTe'!?"*' 
the following experiments were therefore made at 7^»C^^ 
West Point, in August, 1855, under the direction of 
Major J. G. Barnard, of the corps of engineers, then 
Superintendent of the Military Academy, who com- 
mitted the execution to Major Fitz John Porter, of 

the artillery, and Lieut. Donelson, of the engineers. 



OASEHATE GMBBASDBES. 



Table No. 17. 

EXPEBIHENTB FOB flNDINQ THK CONK OF BlABT OF A CaSEHATE OdN. 



Gun 42 pdr., length 10' 4", weight B,T80 lbs. 



h 


1 

5 


1 


•5 


RtiHEK»— Angnfll H, 13, mS 16, 190S. 


Ho. 




lb,. 




1 


43 


10 


42 


Two plauks of IJ" thick and 13^" wide, were set np in front of 
the gnn, 6" from its mnzxie. A cut was made in each of them, 
BO that when thoy were united, there was a rectangular hole 
for the ball to paB3 through. Figure 44, Plate IX., shows the 
distances of the prolongations of the sides of the bore from the 
edges of the rectangular hole. The gnu was mounted at the 
dook, aboDt 25 feet from the edge of the water. The planka 
were retained upright by being nailed to the pintle block. Th« 
planks were blown to pieces and thrown into the water. None 
of the pieces were found. 


2 


42 


10 


42 


Two logs of wood, eaoh hewed down on one side so as to be about 
6j" through, were set up in front of the gun, as were the planlu 
in the last case. Figure 45 shows the position of the rectangu- 
lar hole through the timber with relation to the muzzle and 
bore of the piece, aa in the last case. The logs were blown 
into the water. A not fonud. B was found about 30 yards to 
the front and left of the gun. The blast appeared to hare hftd 
no effect upon it, esuept to blow it away as aforesaid. 


3 


42 


10 


42 


Two Btripa of pine plank, 4' by 2" by IJ", were nailed to pintle 
block, BO as to be upright 6" in front of muizle of gun, their 2" 
aides parallel to its aiis. Figure 4a ahows (he relative position 
of the gun and strips. A was broken off 3" below muzile, 
B 12". The pieces were not found. The part where A woa 
broken was blackened as if by smoke. 


4 


42 


10 


43 


Two hickory poles, each about 4' long, and 2" in diameter, were 
nailed to pintle block S" in front of inuizlo of gun. Figure 47 
shows their distances from the prolongation of tlie sides of the 
bore. The poles were blown nway, and not found. The nailB 
aecnring them were some drawn and some broken. 


5 


42 


10 


42 


48. These were set upright, as indicated in horizontal and 
yertioftl projection, Fignrea 51 and B2. The 7" edge rested on 
the pintle block, a, in Fig. 52, was a piece of board nailed to 
A and B at top; b was one nailed to their outer edges. A 
brace rested on the middle of i, its other end being supported 
by a picket driven into the ground. A and B were, In addition, 
secured to the pintle black by uails. a was thrown about 30 
yards to the loft and rear of the gun, b and the brace resting on 
it were not much displaced. The upper end of the brace was 
blackened as if by amoke. A and B were each thrown a few 
yards outward trom the gun. Figs. 49 and 50, show the con- 
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Mo. 


iba. 


lU. 


Iba. 












dltion of A »Dd B after the flring. TIio heavy dotted liuea in- 
dioale whera thoy were broken or aplll. 
Ttie apace nhich noa blackened on A and B, inunediatelf In front 
of the muKxlo of the gun, was turminatod by a curve, this not 
being aUtiootly traceable, nor perfectly regular, the bUokened 

was observed in the ourrea on A and B. 
U we intersect the cone of blast by a plane nn (Fig. SI), at a 
distance o( S^" from the mualo of the gan and normal to its 
axia, where thi« plans ouU tbe ourvea jnst described, will be 
points in the olronlar section of tbe plane and cone, and the 
radios of this section will be the hypothenuse of the right 

the observed ordinate of the carve. Tlie distance r. oorre- 
aponding to op=6i" is 5 j" (nearly) ; and by a meaanremBnt, as 
acoorate as possible, of the ordinate rt of the blackened area 
{Fig. 49), corresponding to an abscissa ir=5i". this ordinate is 

or (Fig. 61) U 4.8" nearly. Hence the radius of this oiroular 




section will be =^(10.i"y+ (4.8")'=11.6" nearly. 
At the muule, the radius is of coarse that of the bore of tha 
piece, vii., 3*", By the oonatruction (Fig. 53), the angle Ut 

65= 62'. 





43 


10 


42 


as indicated in Fig. B4. To the inner aide of this and at a dis- 
tance of 6" in front of the mnizle, were nailed two hickory 
strips, each smoothed on two sides, and each 4^" by 2J" by 1)". 

the sidea of the bore. Tbe frame waa braced at a, h, c, and d, 
by 4J" scantling running to the front and resting against 
pickets. It was also socnred to tho pInUe block by nails. 
After the Bring, the top and sides of the frame, and the upper 
hraoea, wore blackened as if by smoke. Strip A was thrown 
In the water KM) yards to Iho front, B waa thrown 16' to front. 
Fig. 65 shows the limit of the space on B which was blackened. 
The nails were, some drawn, and some broken. If we anppoae 

ooue of blast with B, the radius, 6" from the muiile, would b«, 
by a oalcnUtion almllar to that made in the preceding ease, 
IB"; and tho angle of flare irfc=(18'' 50'. 


7 


42 


10 


43 


Arrangements same as for the last, eicept A and B (F'g. 67) 
were 7" and 8" rcapectlrely from the muiile, and B was B^' 
long. The frame sprang a little to the rear. Frame, 4o., 
blackened as In last case. A thrown in the water, to the front 
and right of the gun 20 yards. B thrown down by the mnule 
and bent so as almost to be broken in two in the middle. The 
figure (68) shows the space on B that was blackened. Tbe 
radius of cono, deduced on the same supposition aa in the laat 
oaae, will be nearly tbe same as before, 19", giving about the 
lame angle of 4are. (See Fig. OS.) 
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1 
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H«, 


]b«. 


]i.^ 


IW 
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4i 


10 


42 


Arrangementa aame as for the liBt, except A and B (Fig. 60) 
were B" and 10" rospeutiveljr from the muzzle, and B was 4^ 
loiif!- A wnn thrown jnst in front of the frame, B waa loosened 
but left standing. Figs. 61 and 62 show the spaces on A and 

dimensions 2', Fig. 61, la 1' 5^". That resolting from the 

of flare are 89" 26' and 68'^ 61'. (Figs. 63 and 84.) 


9 


A3, 


10 


42 


No Btripa nailed to the ^me. Tlia gnn waa elevated go that the 
prolongation of the top of the bore passed 12" below the cap 


10 


4S 


10 


42 


top of the bore passed 11" below the cap sill. The frame 
sprang back a little and was jarred very mnoh. No other 
effect. 


11 


43 


10 


42 


Arrangements same as the last, except the prolongation of the 
top of the bore passed 10" below the cap eill. The frame 
sprang back, was jnrred Tory much, waa tilled up at g. Fig. S4, 
and waa thrown clear of tho brace at 6. No other effeok 



Table No. 18, with preceding remarks. 

172. Some further experiments of the same nature 
were next tried by the same officers — receiving the 
blast of a 24 pdr. gun on one of the wrought-iron 
throat plates, that had been used as a throat plate in 
an embrasure of the masonry targets just demolished. 

173. In order to this, a chestnut log, having the 
dimensions given in Figs. 65 and 66 of Plate IX., 
was hollowed out to receive the two sets of iron 
plates — each set composed of eight half inch sheets — 
which were secured in their position by wedges. The 
log was then set upright in front of the gun, so that 
the edges of the plates should be at the distances 



EFFECTS OF BLAST OF 24 PDR. 

given in IFigs. 65 and 66 irom the mti2zle and axis. 
The lower end of the log was buried a foot and a half 
in the parapet of the battery at the dock, and earth 
well rammed around it ; and it was braced at top and 
near the ground. 

These two plates, considerably distorted by previous 
firings, were the only ones not entirely ruined. 



Table No. 1^. 
Emers or the Blast ot a 24 Pdr. dfon Wkouoht-Irom Theoat Plates. 



Onn 2A pdr., length 10' 4", weight fi.TSO IbB. 
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1 


h 


k™.,„. 


H.. 


ib.- 


lb,. 


ih.. 




la 


24 


6 


24 


Tors off the bsrk on thu outsidu of the Iok- LooeenExl a vieoe of 
wood mhiuh wan betwaan the two sets of platea, BupBralod tlie 
I»tottlerflheetfroiiith«3dHheet, J"from the top, three-qaartura 
of the way downwarda. Also in the some way, the Clli (roai 
the 6th, one-aiKleenth of an iueh. 


13 


24 


6 


24 


Split the log halt throagh along the dotlod Hue i :. Fig. HG ; 
ii-parated the 2d and 3d, and Tth and Slh, ooe-slzteeDlh of an 
iuuh from the top, half way down ; aepanttad the two Beta of 
plalBs, BO that there waa a space between them of IJ" at top, 
1" in the middle, and IJ inch at the bottom. The/ wore pre- 
viously separated by a board about j aa inch thick. 


u 


S4 


e 


24 


Split the log almost en tirelj across, the split being 1}" wide in 
front. Separated a little more from eaoh other, the Bheeta 

interval between them was flj" at top, Ij" in the middle, and 
IJ" at the bottom. 


IS 


2i 


fl 


24 


Split off enter pleue of the log entirely, bat did not blow It away ; 

from the rest, and threw 11 30 (eet to the front in the water. 

oae-fburth of an inch at top, and one'Slxteenlh at bottom. 
Separated the flrst four aheets of the second aet, so that each 

platea so that they werB Si" apart at top, 2i" In the middle, 
and 2i" at the bottom. The head of the rivet at a. Fig. tiS, 
and 2 inoheB of the outer end of the rivet at h, were broken off. 
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Tha Fig. AA ehowa the position of the muizle of the H-inch 
CDlumbia.d, traversed 3<P from the directrix with referenoe to 
the throat plalea, as thej were in the embraBura target. 
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CHAPTER V. 



GENERAL REMARKS AND CONCLUSIONS. 



SECTION I. 

Conclusions as to ejects of various missiles upon 
different materials of embrasures. 

174. It would be improper to deduce strict con- ?romp?i??di 
elusions from these firings, as to the respective resist- l^^ctrvrr^ 
ances to heavy balls, afforded by granite, brickwork, Jp^j^J^"*^ 
and cement concrete, since a few months only had Jj'- ^"'p*^**' 
been allowed for the mortar, on which the strength 

of the last two depends, to harden. Walls of well 
jointed, large stones, would receive but little addi- 
tional strength against a force of this nature, by the 
induration of its thin joints of mortar ; while much 
of the strength of brickwork, and all the strength of 
cement concrete, would depend thereon. The short 
periods of 15 months, and 13 months, could not be 
expected to bring these materials into comparison 
with granite in this respect. As anticipated, there- 
fore, their resistances were decidedly less ; and of the 
two, for the same reason, if for no other, the cement 
concrete proved to be weaker than the brickwork. 

175. There were, however, some peculiar compara- f^^^J^^^: 
tive effects worth mentioning. For instance the force wortht^Sl" 
of the heavy balls seems, in the softer materials, to ""■"■"• 
be felt only at, or very near, the place of impact; and, 

so to speak, is absorbed there — the ball, unbroken, 
crushing its way further and further into the mass. ' 
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On the granite, however, these balls were themselves 
broken, with but slight actual penetration into the 
stone, throwing off cracks certainly, but with little 
local crushing — the remainder of the force being dis- 
posed of in jarring and vibrating the wall, to an 
extent that started from their beds qiiite distant 
stones. 
Vibration of 176. From this vibration of the wall, so much more 

the wall. ' 

energetic in the granite portion of the targets than 
elsewhere, rubble-stones of the inside facing — not 
always directly behind the point struck — were thrown 
out by the first motion of the wall, as pushed over by 
the ball ; and three or four stones were moved out of 
fffwtof their beds, towards the gun^ so as to project three or 
four inches from the plane of the wall, being left 
behind by this first motion, or projected forward by 
the returning motion of the wall — stones, moreover, 
that were well jointed, well bedded in mortar, and of 
the dimensions of about 3' by V 6" by 1' 6" — while 
there was also considerable disturbance of all the 
other stones quite out to the right (the nearest) end, 
and up to the top of the target. This motion of the 
granite stones was very slight downward, where the 
target was supported by the earth, on which it rocked ; 
or to the left, where the stones were bonded into a 
considerable length of brickwork and concrete. The 
o/tUratTn^ cucrgy of these vibratory movements was very great, 
movement, ^g ^^ cffccts dcmoustratcd ; and though the space 
fhrongh'''^^ moved through was no doubt small, it might have 
*"*"■ been measured, had anything so marked been fore- 
seen and provided for. 
Sfion'Tntt 171^. The heaviest of the balls fired (weighing 128 
S^aviMt* lbs.) penetrated, as above stated, a little way only into 
the granite blocks; but even the smallest of the 
biu."raak^'' cannon balls, namely, 24 pdrs., caused, as well as the 
ing crack*. Yox^ex oucs, at tho first blow, cracks that extended in 
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several directions entirely through the stones hit. It 
was so with the larger blocks, as well as with the 
smaller ones — the succeeding balls finding these 
stones in a condition to be easily reduced to small 
fragments and dust. It may be expected, from effects 
of this nature observed, that under the impact of 
heavy balls, with high velocities, these cracks, though 
perhaps scarcely perceptible at first, will extend as f^^e^^ir 
far as the crystalline continuity is unbroken — that is flJge crys- 

• . • m 111 talline 

to say, to a joint, or quite through the largest stones «tone«. 
that happen to be hit; and hence there will not pro- 
bably be the additional resistance afforded against 
such battering, by the use of very large stones, as 
their appearance would seem to promise ; or as would 
justify much additional expense in providing inordi- 
nate sizes. 

178. There is no doubt, however, that concretion- Jl^n'^f/'"*' 
ary stones, as "sand stones," would exhibit, under bmuJ.^*" 
such trial, less brittleness than those of crystalline 
structure. Very large dimensions are more advan- 
tageous, in some other respects, perhaps, than in 

this. 

179. The balls, whether large or small, that struck Jealcte'd^*" 
the granite under an angle that deflected them, un- brX*iSt"*' 
less the angle was very acute, were broken into many ""'°^p*®*'*'- 
pieces, all of which passed on. If not deflected, they aS^% 
were crushed up into a mass of slightly cohering 
fragments and fine particles. In several instances, 
grape, or canister shot, striking the oblique cheek 
of a granite embrasure, were broken into numerous 
fragments, all of which were deflected in, through the 
throat of the embrasure — several having force enough 
to pass through the boards of the screen — very many 
smaller pieces and spiculee burying themselves more 
or less in the wood, with a force that would cause 
serious woimds in human flesh. 



were 
crushed. 



140 CASEMATE EMBRASURES, 

brickwork 180. It was seldom or never that a large ball was 

and cement i i i. •! • •^i_ t_ • l i a. 

concrete on brokeii, OH Striking either brickwork or cement con- 

large balls , i • • i 

andf grape, crcte. In onc instance, a grape shot, on hitting the 

oblique cheek of a brick epibrasure, was broken into 

two pieces, that were reflected through the screen. 

In all others, when thus thrown off from bricks or 

cement concrete, they passed on through the throat, 

and through the screen — making only one hole each 

in the latter. 

aild^Int 181« The injury done to these oblique cheeks, by 

i?S" *^^^® smaller balls, was of no consequence, with either 

cLekaof of the materials above mentioned. In reference to 

embrasures. 

this particular point, therefore, namely, protection 
from small missiles — ^brickwork and cement concrete 
are better materials, very decidedly, for the faces of 
an embrasure of the established form, that is, with 
flaring exterior cheeks, than granite, or any other 
very hard substance. 
^TTt^d 182. From all the exterior embrasure-facings, ex- 
8?riifingnear ccpt that made of lead concrete, when grape or 
^tniniJi!' canister shots struck near the margin of the opening, 
considerable, and sometimes numerous, fragments 
were torn from the facings, and thrown into the 
embrasure; and, when the cheeks were flaring, 
through the throat and against the screen. Though 
the granite was in this respect the best material of 
the three, effects of this kind were, nevertheless, quite 
serious from it also. In one instance, pieces were 
torn off by a grape shot from the lower edge of the 
lintel, for a length of two feet, and with a cross sec- 
tion of some six or eight square inches — the pieces 
being thrown through the throat. All the embra- 
sures were considerably changed in their outline, by 
pr^o'tecu^g*'' injuries thus inflicted ; and there was no point more 
utin^""'^ clearly established by the firings, than the necessity 
of protecting from small missiles, the external mar- 
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gins of all masonry embrasures, by plates of wrought 
iron or some other device. This will be necessary 
with any form of embrasure; but more especially, 
when the outer cheeks are so inclined as to reflect 
all fragments through the throat. 

183. Plates of half inch boiler iron were found to biueriron 
protect perfectly the oflFsets in the cheeks of the brick- IthetT^ 
work, and cement concrete, embrasures; and may 
therefore be relied on to defend the external margins 

from these injuries. 

184. The asphaltic concrete was brittle, under the ^o'SJpSleon. 
action of even the smaller balls, to an unexpected bStS^^^ 
degree; although the season of trial was summer. 

And in other respects, it did not compare with either 
of the other materials. It could hardly have been 
relied on to retain its form, had it been made softer, 
by a larger proportion of bitumen. It may, never- 
theless, be useful in special applications about em- 
brasures and loopholes. 

185. Next to wrought iron, lead concrete proved ^^^l^ 
to be much the best of the materials under trial. The ionwltelh. 
first use made of it, in constructions, so far as I know, riai tried. 
was by Major K. Delafield, of the Corps of Engineers, IJ^^^^^ 
U. S. Army, in forming the exterior cheeks of case- 
mate embrasures. Althqugh less resisting, and more 
costly, than wrought iron, it is an admirable material tie mSlriii 
for certain parts of embrasures ; because, while it is panT'**" 
very resisting, and will not crack, nor splinter, it can, 

with the utmost facility, be applied to the filling 
solidly, of irregular spaces, and to the reinforcing 
of weak places, not easily strengthened otherwise. 
Heavy balls, under high velocities, penetrate into it, hSJ?bIus. 
a little more than their diameter, moulding for them- 
selves a symmetrical bed, in which they are found 
crushed. They send no cracks through the mass; 
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they detach no fragments — none at least that are not 
very small, and harmless ; they form a tulip-shaped 
crater, the outer edges rising above the general front 
surface, and curving gracefully away. The adjoining 
masonry is somewhat jarred, but in this respect the 
injury is as small as it can be in any combination. 
cl^er.^''^ Grape shot (of the weight of 4i lbs.) produce, on a 
small scale, eflfects just like those of cannon balls — so 
do canister shot. Neither grape nor canister shots 
were broken thereon. No balls, as it chanced, were 
deflected from it. 

cSSiudSL ^^^' Some important conclusions may be drawn 

wrought from the results with wrought iron. 

Pirat ; as to Fivst. It may be fairly assumed, that a plate, eight 

piatM. inches thick, of wrought iron of good quality, kept in 
place by a backing of three feet of strong masonry, 
will stop a solid ball from an 8-inch Columbiad fired 
with 10 i lbs. of powder, from the distance of 200 
yards. The plate of iron will be deeply indented at 
the point of impact, the ball carving for itself a smooth 
bed, of the shape and size nearly of one hemisphere, 
in which it will be found broken into many pieces 
easily separable; and it will, besides, be somewhat 
bent, generally. The masonry behind will be much 
jarred ; and unless strongly bonded, be considerably 
displaced; moreover, unless the thickness of three 
feet is well tied into thicker masses immediately ad- 
jacent on the sides, and above, and below, the general 
damage will be severe. 

Second. This plate will be much the stronger for 



Second con- 
clusion : a 
Mingle plate 



STtSrirn being in a single mass, and not made up of several 

piateofsame thiuucr platcs. The continuity, eflfected by bolts and 

rivets, of the made-up plates, is broken even by weak 

assaults, so that afterward, the stronger, instead of a 
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joint opposition, finds only a succession of feeble 
resistances. 

Third. A thickness of two inches is ample for shut- ^io^"" 
ters designed to stop the largest grape shot. With P'lm'^f 
this thickness, they will be neither perforated nor 
deformed by anything less than cannon balls or shells. 
These shutters also, for the reasons just given, should 
be made of a single thickness. The firings show the 
necessity of concealing entirely, even from the smallest 
iron missile, their hinges and fastenings. 

Fourth. A wrought-iron plate of half an inch in cSn!^^'" 
thickness, is adequate to protect the outer margins, $nafe topro- 
and the offsets of embrasures from injury by grape or and offseu"* 
canister shot. 

187. The brittleness of cast iron unfits it for use ^K**'<?^^* 

brittle to Te- 
as a means of directly resisting the shock of cannon Jhickr** 

balls ; this has long been well known. It was con- 
sidered, however, worth while to try whether its 
cohesive strength might not be profited of, by dif- 
fusing the shock of a ball over a considerable surface 
of this material, through the intermedium of a thick 
plate of wrought iron. The compound plate of 
wrought iron interposed in the trials, was made up 
of eight half-inch plates, solidly riveted together, and 
a very even and uniform bearing of this 4-inch com- 
pound plate upon the cast iron, was secured — as per- 
fect, certainly, as could be effected in general practice ; Jjj;***^** 
nevertheless, the cast-iron block was always broken, Jl^Sity" 
splintered, or badly cracked, by a ball striking the Zl^^^^ 
wrought-iron plate in front of it. 

This material may, of course, enter usefully into ^'^vAtor^^ 
the construction of casemate embrasures, as dowels, 
ties, pintle-sockets, &c., but should not be relied on 
to resist the direct action of balls or shells. 
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SECTION 11. 

The size and form of exterior openings for embrasures. 
openiig' 188. The great importance of keeping the area of 

should be ft .\_ .j"j • /* a \_ a 

minimum, tho 6utside Openings oi casemate embrasures at a 

minimum, will clearly appear from our experiments. 

First reason. Fust^ tho uumbcr of the enemy's missiles passing 

through the opening will, of course, increase with the 

Secondare*- enlargement of that area ; and secondly ^ whatever may 

be the peculiar form of any embrasure, there must be 

a margin, larger as the opening is larger, where the 

walls, being materially weaker than elsewhere, will 

suffer the more from battering guns. 

I^^K^'^^m 189. Although the first proposition seems not to 

blit'tught need enunciation, and the second to be scarcely less 

of import- self-evident, there appears to have been, with some 

ance of min- » irir » 

t°rS!?oA*Sl foreign engineers, of the present day even, a very 

**"* slight appreciation of the first, especially. They have 

taken some heed of the second, by giving thickness 
to the wall around, and by making the cheeks, sill, 
and lintel, of large blocks of stone ; but, by inordi- 
nately spreading the exterior opening, they have 
shown that they looked upon the first as of little 

pJinT^^^ ^'^ moment. For instance, in a large casemated battery 
erected in Europe within the last fifteen years, for 
the defence of one of the great ports, casemate em- 
brasures have been introduced having an exterior 
opening of 54 square feet, and allowing the gun a 
horizontal traverse of only 40 degrees; while the 

Embrasures cmbrasures of our second target, which allow all the 

of our second ^ ' 

target. elcvatiou and depression necessary, and a lateral 
range of 60 degrees, have an exterior opening of 
only 8^^ square feet. 

qiSuLTSr" ^ 9^' 1*' ^^ ^^^y ^^ demonstrate the very grave con- 
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sequences involved in an unnecessary enlargement of urge^Ji^T 
this exterior opening. *"*' 

Suppose a hundred-gun ship to be placed within comparing 
good canister range of a casemated battery of about loogun^'ihip, 
the ship's length and height ; to the 50 guns of the tor4«in»t\ 
ship's broadside, there would be opposed about 24 ^ateS^Jitr 
guns in two tiers, in the battery. The ship would uk^tSSe of 
fire each ffun once in three minutes, or, 10 times in ge^orllke 

O ' ' the Euro- 

half an hour ; the 50 guns would therefore make 500 p**^- 

discharges within that time. 

With 156* balls in each 32 pdr. canister (weighing 
in all 31} lbs.), there would be thrown 78,000 balls 
in 30 minutes. Supposing one-half to miss the fort — 
which, considering the size of the object and the short 
distance, is a very large allowance — there would still 
remain the number of 39,000 balls to strike a surface 
of (say) 6000 square feet — that is, on each square 
foot =6i balls. 

Or, within the exterior opening of one of 
the embrasures of our 2d target — of which 
the area is 8.9 square feet, there would fall — 58 balls. 
All not intercepted by the gun itself, passing 
into the casemate among the men serving 
the guns. 

Within the European embrasure above 
mentioned, having 54 square feet of opening, 
there would be received in half an hour 351 balls. 

191. Should this idea be carried still further, as it s«ppow , 
ought, and the ship's canisters be filled with musket wi7h*mS8kot 
balls — each 32 pdr. canister holding 639 balls — the *'*^^''* 
number of balls to the square foot of surface of the 
battery would be 26 

* In the experiments at Gavre, in France, in 1837, with grape and canister bLoI, 
the canon-obnsier 30 pdr., and the long 30 pdr. (French), both fired canisters contain- 
ing each 120 iron balls of 1.05 inch in diameter. 
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Suppose 
Khip'g gnns 
of larger 
calibre. 



Balls of 
1.06" diam. 



Masket 
balls. 



The number received in half an hour within 
the exterior opening of the smaller embrasure 
would be, therefore 231 

And within the larger embrasure in the same 
time 1404 

192. Nor, would it be fully measuring the effect of 
this exposure, to state that if the ship's guns were of 
the calibre of 8 inches — and there are even now many 
of larger calibre, and the tendency is to increase the 
calibre of both ship and shore-guns — supplied with 
canister holding 294 iron balls of 1.05 inch, or 1243 
musket balls, the number of the former discharged in 
half an hour against each square foot would not be 
less than 12 

Upon the exterior area of the smaller embra^ 
sure, not less than 106 

And upon the large embrasure not less than 648 

And the number of musket balls discharged 
in half an hour against each square foot from an 
8-inch gun, would be not less than . . 51 

Upon the opening of the smsJler embrasure 
not less than 453 

And of the larger, not less than . . . 2754 



musket balls 
passed 
through 
screens. 



Balls not 
fused into 
clusters. 



HnSIus?^*' 193. In our experiments, the musket balls fired in 
canisters, from a distance of 200 yards, passed clean 
through the screens made of pine boards one inch 
thick, whether they hit directly, or by reflection. 

194. In no instance did we notice any fusion of 
these balls into clusters — the marks made by them 
on the target, and on the screen, being clearly the 
effects of single bullets. 

195. The effects of the small iron canister balls — 
diameter 1.05 inch, were considerable; when broken 
upon the cheeks of granite embrasures, the larger 
fragments passed through the screen ; when the balls 



Effects of 
canister 
balls of 
1.05" diam. 
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struck brickwork or cement concrete, they produced 
craters about 3 inches in diameter by about li inch 
deep ; when they struck near the edges of the em- 
brasures, they broke off considerable pieces, even 
from the granite — they have, therefore, as well as the 
musket balls, all the force necessary for the particular 
object in such an attack- — namely, kCHng and wound- 
ing the men serving the guns of the fort, and thereby 
silencing its fire. 

196. This is the place to recall the feet that by ^^"'"■ 
way of showing one of the consequences of an un- ?^ISdinI 
necessary expansion of the outer opening of an em- mj iii» 
brasure, a line was drawn on the target around two ISft^" ",* 
sides of the margin of Embrasure No. 7, so as to '"** 
represent, very nearly, with the other two sides, the 
exterior opening of an embrasure of the first-built of 




our casemated batteries (finished in 1810). The ex- 
terior opening of Embrasure No. 7, was 3' 4" by 2* 
8", equal to 8-^ square feet; of the embrasure repre- 
sented, in the way just stated, it was 5 feet by 4 feet — 
equal to 20 square feet. 

The space between these two openings, that is, the 
eptcess of the larger over the smaUer, amounting to 
1 1.1 square feet, was struck by 108 baUs in the course 
of our firing with spherical case, canister, and grape 
shot — this embrasure not having been more than any 
other the particular aim of this kind of firing. 

The whole number of small balls fired at the two 
targets during all our firings — counting spherical 
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Condition 
limitiDg ex< 
terior open- 
ing. 



MinixDum 
throat. 



The outer 
checks, the 
Kill and 
lintel gene- 
rally flaring. 



An objection 
to this form. 



case filled with musket balls, canister shot of all 
sizes — including those filled with musket balls, and 
grape shot, was 32,555 ; that is to say, a number a 
little less than would be fired in 51 discharges of 
musket ball canister from 32 pounders: in other 
words, from a single " broadside" (plus one gun) from 
the ship : 639 by 51 = 32,589. - 

All these 108 balls excluded by Embrstsure No. 7, 
would of course have entered, had its opening con- 
formed to the larger outline; but even this larger 
outline scarcely exceeded one third of the exposure 
of the European embrasure, above mentioned; into 
which there would have passed, in the same time, 
according to the proportion, the number of 438 balls, 
over and above what passed into No. 7. 

197. The trials, in firing from the target, proved 
that, if the embrasure were well built, the ball, in 
passing out from the gun, whether traversed, or ele- 
vated, or depressed to the extreme degree, might pass 
within about an inch of the outer edge of the embra- 
sure, without injury by the blast of the gun to the 
material of the exterior margin. This may, there- 
fore, be, with firm materials, a condition limiting the 
exterior opening. The minimum in the size of the 
throat is fixed by the space occupied by the muzzle 
of the gun, in its various positions; and as the area of 
the exterior opening will be the larger, as it is further 
from the throat, the latter should be placed as far to 
the front as the service of the gun and carriage will 
allow. The surfaces connecting the two areas, and 
which form the outer cheeks, sill, and lintel have 
generally been fiaring planes; to which one great 
objection is that they reflect inward all missiles which 
inpinge thereon in lines, parsJlel or nearly so, to the 
directrix ; so that virtually, as regards their admission 
into the casemate, the throat has had with that form 
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of embrasure, the fiill capacity of the exterior open- 
ing. This is very strikingly shown by the great 
number of balls thus reflected in our firings. 

198. If the outer portion of the embrasure be ^rTC 



•e 
outer 



portion of 



traced according to the bent line, ab c. instead of the embraanre 

^ ' ' changed. 

Fig. CO. 




straight line, a c, it is evident that balls that would 
otherwise be reflected from the surface, a c, will be 
stopped on a b. 

199. But the strength of the embrasure will be 
lessened by the removal of the material lying within 
the space, of which a 6 c is the horizontal section. 
This is, in fact, of little moment, because the strength 
lost by adopting the bent line ab c may be much 
more than supplied, by placing along a 6 a material 
more resisting than the masonry of which the flaring 
cheeks and throat-jambs have heretofore been made ; 
and this we shall see is required by other considera- 
tions. 

200. It is plain that if the thickness /^, of the 
wall, is needed to resist the battering of heavy balls, 
no ball striking anywhere between the two lines, 
fg—fg^i will be adequately resisted with the old form 
c af- — c afj of masonry embrasures. But by inserting 
a stronger material on each side of the throat, this 
deficiency of strength may be supplied, without fill- 
ing up the space a 6 c, as it will need but a slight 
augmentation of the thickness of this stronger mate- 



compensate 

for lou of 
strength bj 
change of 
form, by in- 
troducing a 
stronger 
material. 



Strengthen 
throat br 
introducing 
a stronger 
material. 



150 CASEMATE EMBRASURES. 

rial, to secure full compensation for the material thus 
omitted. 
of^Jew^m 201. It is also evident that by building in enough 
of the stronger material on each side of the throat, 
and adopting this new form, ab c^ for the outer por- 
tion of the embrasure, there will be a general gain of 
strength, since up to the very edge of the throat 
plates there may be as much strength as there is be- 
yond the lines fg—fg* At the same time, by 'sub- 
stituting for the reflecting surface a c the plane a 6, 
all missiles, whether large or small, that do not pass 
the throat without touching, will be stopped, either 
upon the outside of the wall or upon the throat plate. 
iron tSebeat 202. Our experiments show that wrought iron is 
material. ^^ ^^^^ material for insertion as above mentioned ; 

and that a thickness of 8 inches of wrought iron, 
solidly backed with masonry, will resist an 8 inch solid 
ball fired with 10 i lbs. of powder from a distance of 
200 yards. It is necessary, as. is also shown by the 
ThS^ be firings, that the plates of iron should have consider- 
able breadth to prevent heavy balls from forcing 
themselves in between the inner edge and the ma- 
sonry, thereby crowding the plate edgewise into the 
throat. 
mionrr ""' 203. With a view to gaining strength, by burying 
&":X more deeply the iron throat plates in the masonry of 
jectionabie. the cmbrasuro, rectangular shoulders of masonry were 
made to project from the solid of the cheek, into the 
space a 6 c, as seen by the dotted lines in the above 
figure. They stopped balls nearly as well as the \m- 
broken surface, ah; and they augmented somewhat 
the resistance of the cheeks. Being enclosed in a 
facing of boiler iron they were not injured by small 
balls — ^but they increased the number of fragments 
cast into the casemate by heavier balls, and they do 
not prove to be an essential part of an improved em- 
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brasure. The additional strength imparted by them 
may be better secured in other ways. Embrasures 
Nos. 3, 7, 8, and 9, were thus constructed. 

204. It is well to report in this place, a summary Jfrf^n****"^ 
of the exact eflfects under our trials, of the broken, or pared' ''''"' 
ofFseted cheeks, as compared with the flaring ones : 

1st, in stopping balls, and 2d, in glancing them into 
the casemate through the throat. 

The number of balls from grape, canister, and 
spherical case shot, that were reflected from the 
cheeks of flaring embrasures (Nos. 1, 2, and 4), so that biwuiL*"' 
they passed through the throat into the casemate, was 
40. The number of such shots stopped by these em- 
brasures was 2. The fraction -^^ represents, there- 
fore, the proportion reflected, and ^ the proportion 
arrested. 

In the embrasures with broken, or oflfseted cheeks, wuh^SSe"' 
the total number reflected through from the cheeks, 
offsets, &c., was 19 — while the number stopped by 
them was 326 — so that in this case, the fraction ^^ 
represents the proportion reflected, and ||f the pro- 
portion stopped. 

Or, these proportions may be represented thus : SSiwue" 

stated. 

Embrasure with flaring cheeks, 5 per ct. stopped. 

95 per ct. reflected. 

Embrasure with offseted cheeks, 94 per ct. stopped. 

6 per ct. reflected. 

As it was important to settle beyond question the 
effect, in arresting small missiles, of the offseted 
cheeks substituted for flaring ones, the firing of small 
balls was chiefly directed at the former, and hence 
the greater number of these balls that were received 
on the cheeks of that form. 

205. It results from the facts and statements ad- t^ltSltT" 
duced thus far, that if, instead of giving to embrasures 
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flaring cheeks, the exterior cheeks be notched in, so 
to speak, at right angles or nearly so, to the plane of 
the throat ; or, to repeat words often before used, be 
offseted, only those missiles that arrive directly within 
the area of the throat, will enter at all, excepting, m- 
deed, a very small proportion that may be glanced in 
from the very edges of the outer opening. 
f^el^ 100 206. In estimating the number that will pass di- 
gunship. j.g^^jy through this throat-opening, from the 100 gun 
ship, in half an hour — ^we must take the clear, area of 
this throat of the target embrasures — which was 1 ft. 
6 in. wide, by 2 ft. 7 in. high, giving S^j^ square feet. 

Jarltiv™' ^^^ comparative numbers would be, therefore, as 

Simbe«. follows . 

Gun 32 pdr., firing iron balls of 1.05 inch in dia^ 
meter — 

Through the throat of target embrasure 25 balls. 

Within exterior opening of target em- 
brasure . . . . . . 58 " 

Within exterior opening of European 

embrasure i 351 " 

8 inch gun, firing iron balls of 1.05 inch in dia- 
meter — 

Through the throat of target embrasure 46 balls. 

Within exterior opening of target em- 
brasure 106 " 

Within exterior opening of European 

embrasure 648 " 

Gtm 32 pdr., firing canisters filled with musket 
baUs— 

Through the throat of target embrasure 101 balls. 

Within exterior opening of target em- 
brasure 231 " 

Within exterior opening of European 

embrasure 1,404 " 
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8 inch gun, firing canisters filled with musket 
balls- 
Through the throat of target embrasure 198 balls. 
Within exterior opening of target em- 
brasure 563 " 

Within exterior opening of European 

embrasure 2,754 " 



SECTION IIL 

Embrasure-shutters. 

207. We see, from the comparison just made, that, fh^Jew^*" 
notwithstanding the very great advantage derived, embrwure., 
first, from reducing the size of the exterior opening, ireTuT" 
and next, from changing the form of the portion of 

the embrasure exterior to the throat — the exposure 
of the men serving, even with the target embrasure, 
a casemate gun will still be great. They will be ex- 
posed during every half hour of action to 26 — to 46 — 
to 101, or to 198 balls, according to the various sup- 
positions we have made, as to kind of gun and mis- 
sile. From 1 to 6 balls entering the embrasure every 
minute, directly upon the place where the gunners 
are clustered, must make the service a very danger- 
ous one — if indeed it could be continued with any 
effect in such peril. 

208. These, and such like considerations, led to J^"n^{**'" 
the trial in the target of emhrasure-shutters ; and the SXten*^ 
experiments with these have shown that a thickness 

of 2 inches of wrought iron will certainly repel all 
such balls, as grape and canister. 

209. A grape shot of 4 J lbs. fired from an 8 inch i*;;,"Ji^"*" 
Columbiad at the distance of 200 yards, produced *''*^" 
no deforming, or otherwise injurious effect upon a 
wrought-iron shutter of IJ inch in thickness, com- 
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posed of three i inch sheets. By simple arrange- 
ments, the centres of motion and the fastening bolts, 
can be screened from these small balls. 
b^cios^d^ 210. The shutter will be closed from the moment 
feTinUanu of firing Until the gun is loaded — is again in battery, 
and ready to be again discharged ; so that it will be 
for instants of time, only, that the gunners will be at 
all in danger from the enemy's small shots. 
^ou^ciohV 211. It cannot yet be asserted positively, that the 
ihuttew * shutters will close spontaneously at each discharge of 
made sure, the guu, bccause trial has not been made with shut- 
ters improved by the results of our latest experi- 
ments. But the tendency to close was so manifest, 
and so invariably exhibited, as to leave no doubt that 
a simpler mounting, and more accurate centering, 
would insure it. 
rery desfri- ^12. This rosult Is vcry desirable on account, not 
^'^^ only of the quickness of this spontaneous action, as 

respects cover for the gunners, but because of the 
consequent exclusion of smoke. The same reaction 
of the air will drive back the shutter, that forces back 
into the casemate, sometimes a large part of the 
smoke of the discharge. 
upon'lh? 213. In our firings from the embrasures, the shut- 

ac 8 ut- ^^^g were, each time before the discharge, opened out 
by hand, and placed snugly against the cheeks ; this 
might answer were they perfectly hung ; but it is to 
be regretted that it did not occur to any one to leave 
them a short distance from the cheeks, in order that 
the outward blast of the gun, driving them forcibly 
against the cheeks, might cause a stronger reaction. 
A stiff* spring upon the back of the shutter, keeping 
it, until forced, at a short distance from the cheek, 
will insure, it is believed, the requisite recoil; but 
with good centering this will hardly be necessary. 
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SECTION IV. 

Throat of Embrasure. 

214. It was obviously a matter to be inquired into, ^^^J^^l. 
whether or not, the throat itself could be reduced in Su'^iT 
width with safety. 

To this end, some instructive trials were made (as 
before said) at my request, under the direction of 
Major J. G. Brainard, of the Corps of Engineers, 
then superintendent of the Military Academy. 

215. It was desired to learn something as to what wir^ 
may be called the cone of blast — which might have, 
perhaps, very near the mouth of the gun at any rate, 
limits pretty well defined, up to which we might 
safely bring the edge of our throat plates. 

216. These experiments are given in the preceding ^X'bXl' 
pages in full detail ; and offer an interesting study. 

217. The principal results for our object are, that ^®""* 
this cone diverges quickly from the mouth of the gun ; 
that the action within its limits is very violent ; that 
only very solid and firmly imbedded substances can 

be placed within the limits, or on their verge, near 
the mouth of the gun, since even the iron plates of a 
compound throat plate were there torn asunder by 
the blast — ^but that, undoubtedly, while a solid 8-inch 
plate firmly imbedded in masonry may be relied on at 
the same distance from the muzzle, and from the pro- 
longed cylinder of the bore, that was found to test so 
severely the compound plates submitted to the trial — 
any less solid and firm material must be ftirther re- 
moved. Of course, the nearer the edge of the throat 
plate is to the face of the muzzle, the nearer it may 
be to the prolonged cylinder. 
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SECTION V. 

Thickness of Scarp. 

fl5d^*twSk. 218. The internal arrangement of the casemate, 
SSJ^TS- with reference to the handling of the gun, and espe- 
""^ cially the traversing it for horizontal scope ; the place 
chosen for the axis of this horizontal motion ; and the 
form and dimensions of the gun and carriage, in- 
cluding chassis, impose conditions affecting the thick- 
ness of the wall at, and immediately around, the em- 
brasure ; and affecting also the form of the latter. 
6' umimed. 219. A thickucss there of five feet has been assumed 
in our constructions, and satisfies all these conditions 

cielltV*"*** w^^- B^' i* ^^^ ^^^^ ^ question of interest, increas- 
ing with the growing calibres of naval armaments, 

^^' whether this thickness is now sufficient. And it was 
in consequence thereof that some very severe firing 
was directed against our 2d target. The gun was a 
10-inch Columbiad, placed within 114 yards, firing 
solid balls, weighing 128 lbs., with a charge of 18 lbs. 
of powder. 

wndSion 220. The general conclusion from these trials is, 
that, whether of cement concrete, of bricks, or of hard 
stones, the portion of the wall at, and aroimd, each 
embrasure, having the thickness of five feet only, 
should be no larger than is indispensable for the 
adaptation of the gun and carriage to the embrasure ; 
if restricted to a small area, this thickness will suffice 
— ^not otherwise. 

Under what 221. Thc thickucss of five feet will resist a number 

eircam- 

JiSce' * of these balls, impinging in succession, on that space, 
provided the bond expand promptly, above, below, 
and on each side, into a thickness greater by some 
2 J ft., or 3 ft., or more. Were the wall no thicker, 



t- 

ro»t 
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generally, than five feet, being reinforced only by 
piers some 15 feet apart, it would soon be seriously 
damaged, by battering at short distances with such 
calibres. 

222. Wrought-iron throat plates of eight inches Sio^ 
thickness, placed in the embrasure, and backed by puu..' 
three feet of solid masonry, will be equivalent, at 
least, to the five feet of masonry on either side ; and, 

but for the great cost, this construction might be 
extended as far above, below, and on either hand, as 
necessary for the full and free use of the gun. The 
great additional expense would not, however, be com- 
pensated by any advantage of moment. In that case, 
the throat opening would be also the exterior opening 
of the embrasure, because the throat would lie in the 
outer surface of the wall. This opening being in 
area but 3.90 ft., would be a very great reduction in 
size, certainly, from that of the European embrasure 
(of 54 square feet) so often mentioned ; and it would 
be less by five square feet, than the outside opening 
of the 2d target embrasures ; but it would be. no bet- 
ter than these last, in reference to the exclusion of 
an enemy's missiles, since, as we have seen, the off- 
seted embrasure restricts the passage way to the area 
of the throat. 

223. Were it not for the vastly greater cost, the ^etl^^S! 
whole scarp might be faced with iron — indeed might might*b? 
be made of iron only ; but, until there shall be much »'oi» 
stronger reasons than now exist, or are now antici- 
pated, for believing that well constructed masonry- J^p*2?"* 
batteries may be breached by naval broadsides, the *^•'•'^'• 
cheaper construction may be safely followed— espe- 
cially as, should such a necessity ever arise, they may 

be externally plated with iron. 

224. To repeat : the scarp at the embrasure may l^!^^, 
be safely made of the thickness of five feet, provided ''•'• *' *'• 
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the thickness immediately above, below, and on the 
sides, be increased considerably. The space required 
to be of about this thickness, to accommodate advan- 
tageously the gun and carriage, is so small that it 
may be said to be part of the thicker surrounding 
mass, by which it really is supported in its resistance. 
uglfeuSi**" 225. A detail of interest presented itself, in the 
course of the firing, in relation to the thickness of 
the scarp near the embrasure. It was this : a 24 pdr. 
V^ntotVj^'' ball, hitting the wall immediately in front of a recess 
SS^e'of made to receive the " tongue" of the chassis — ^which 
^^*««- recess extended to within two feet of the outside of 
the wall — ^perforated this two feet, and, being less 
in diameter than the height of the "tongue hole," 
passed entirely through, without touching anywhere 
else. Had there been a carriage there, with its 
"pintle" in place, the latter would probably have 
been broken, and the carriage rendered for the time 
unserviceable. That " tongue hole" was seven inches 
Ihouw*!^ high ; it need be only about half as high ; and there 
should be a thick plate of wrought iron buried in the 
wall, directly in front of the pintle, to stop such balls 
or larger ones. 



inserted. 



SECTION VI. 

Effects of Firing from Casemates upon Ships. 

Erperimenta 226. Thc firiuffs from, aud at, our embrasure tar- 
show neces- , *^ 

tioJiiSdig S^^i OiBye given us, as we have seen, some instructive 
S5JJriiJ^ facts as to the necessity, in reference to the free use 
and efficient service of casemated batteries, of certain 
precautionary measures. Do not these results teach 
somethinsr US also somcthiug in the opposite direction — some- 
SffeMive ' thing as to the offensive power of these batteries, not 
power. hitherto perhaps fully considered— especially in re- 
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ference to the eflfects of snjiall missiles upon ships] 
For instance : On our hypothesis, the casemated bat- 
tery of about equal external surface with the 100-gun 
ship — that is, of about 6000 square feet, would con- 
tain about 24 guns. Supposing these to be 32 pdrs., uf^J^ofw 
firing canisters containing 1 56 balls of 1".05 each ; f^^Sstew 
and, as before, each gun firing 10 times in half an Jf^**^,^^^' 
hour — allowing half the balls to miss the ship — there a^oo'^'^ 
would be three balls received by each square foot, '^^^' 
and as the port-holes are stated to be three feet high 
.by three and a half feet (equal 10'.5 square feet), there 
would pass into each port 31 balls, and into the 50 
ports 1550 balls, within the half hour. 

If the canisters were filled with musket balls, there ni"ke " ^ 
would be 126 thrown into each port, and 6300 into 
the 60 ports. 

The guns being of 8-inch calibre, which is the i.(Mr uin. 
common calibre of our important batteries, the num- 
ber of 1".05 balls to each port, would be 62 ; and to 
the 50 ports, 2600. 

And, were the same ffuns to fire musket balls, in u^t 
their canisters, there would be thrown into each port, 
252 balls ; and into the 50 ports, 12,600 balls in the 
half hour. 

227. The following table gives, in a compact form, effect of 
a synopsis of the principal effects of the firing of small k«r shot. 
canister shots into embrasures, of several sizes ; and 
also into the ports of ships, on our supposition of a 
100-gun ship, in opposition for half an hour, at close 
quarters, to a 24-gun battery : — 



\ 
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Table No. 19. 



Giving the tuimber of small iron and leaden eaniiter haUt, diicharged in half 
an hour through the embraturet of a eatemated battery, of 24 guru, and 
through the port-holet of a thip in oppotition, having 50 gum in each 
broadtide; the total lurfaee of fort and ship being each about 6,000 squarm 
feet. Specifying, in the ease of 32 pounder and 8-tneA ^n, the numbert 
entering each embrasure and each port-hole. 
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' 228. On an examination of the preceding table, 
^ we are surprised at the great numbers of these small, 
but fatal missiles, to which the gunners of the battery 
would be exposed, even with our comparatively very 
small target-embrasure. We see plainly the necessity 
of reducing that number, by removing the flaring out- 
side cheeks; and, also, the vast advantage that the 
shutters afford of nullifying, nearly, the eifects of this 
kind of fire. 

229. Indeed it is difficult to understand how a 
casematcd battery having large embrasures, can be 



* Sappoaing that for the inatanti the ahattera are open, -^ of the anmber falling 
within the ana of the thmat may enter the casemate. 
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served at all, after a ship has gained a position, within mnlie " ""' 
a short distance, and opened her fire of small canister 
halls. For the ship to fire grape, or large canister 
balls, would be to abuse her opportunity, since these 
larger balls would be no better in any such conflict, 
than the smaller ones, while they would be far less 
numerous. Musket balls, used as canister shot, would 
have all the force necessary ; and we see by the table, 
that there would be thrown of these, in half an hour, 
into the casemate, through 24 embrasures, of 54 
square feet of area each, by fifty 32 pdrs., no fewer 
than 33,696 — being 1,404 through each embra- 
sure. 

230. Were the battery to retort upon the ship ha?eId?Ln. 
with the same missiles, the advantage would still be bSL?^ with 
greatly with the ship, because against the 1,404 balls "^'^" 
received by each embrasure, there would be thrown 

but 126 into each port; and into the 50 ports, 
there would be returned but 6,300 shots, against the 
above number of 33,696 poured into the 24 embra- 
sures. 

231. On the reduction of the exposed openinff of ^»'»»i"- 

i r o proved em- 

the embrasure, however, the proportion becomes less thTi'^'n- 
and less unfavorable to the battery — turning, before irSnth*''***' 
long, very decidedly in its favor. When the size is 
reduced to that of the 2d target embrasures, the ship 
will receive in her 50 ports 6,300, as before, against 
5,544 entering the 24 embrasures of the battery. 
When the offseted cheeks are introduced, the 6,300 
will stand against 2,424 ; and when the shutters also, 
the 6,300 are to be compared with 240 only. 

232. It may, therefore, become so much to the Batterie. 

•' ' ' should UM 

advantage of the battery, to resort to these missiles, IiTi^aStinni 
especially with 8-inch gun^, that the ship will be Jh!S" SL- 
obliged either to give up the idea of close quarters. 
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or provide herself with quickly-moving port-shut- 
ters. 
co*^bS!ited 233. In corroboration of the preceding calculations, 
^y^ourflr- gjjQ^jjjg that thoy are not exaggerations, it is here 
stated as one of the recorded results of our firings, 
that the total number of small missiles that passed 
through the throats of our nine target embrasures 
without touching — the area of the throat being 3'.9 — 
was 234. And, as before said, the whole of our firing 
at the target, with small balls, was equivalent to only 
a single broadside from the 50 guns of the ship. 



SECTION YII. 

Contests of Ships with each other. 

Ship against 234. Although it is not in the particular direction 
of our inquiries, we cannot help thinking, in this 
connection, that possibly our results and calculations 
may have some bearing, in certain cases, upon naval 
actions, ship against ship. 

235. We are told in naval histories of ships of 
war, lying engaged ^^ yard-arm and yard^arm*^ for 
imaiHOTL ho^rs, and yet they report losses incredibly small, 
rnc1ir?ir^*' considering the time and the proximity; the ships, 
moreover, are seldom sunk, or otherwise destroyed, 
except by taking fire; and, though badly crippled, 
no doubt, make long voyages with no other than im- 
promptu repairs. 
t^Sfcuri- ^^^- Without venturing to pry into this curious 
UU8 result j-gsult, WO may say, that if the want of more decided 
effects is the consequence of the want of more accu- 
rate aim in the solid balls (fired with some admixture 
probably of grape shot), this reason would apply, in a 
much slighter degree, to canister shot at short ranges, 
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since it would suffice if the gun were merely pointed 
towards the enemy's hull, for part of the cone of balls 
to fall upon her sides. 

237. Is it not difficult to conceive how a ship's ^rTw^,;?*^'" 
crew could survive one hour's firing, when there musket 

balls, enter- 

would be poured into her 50 ports more than 25,000 }S*^^f,PX^',*; 
musket balls — into each port, more than 600 such 
balls 1 

238. Perhaps the suggestion may be pardoned, that f?Suiep° 



pro- 



in these close conflicts, a charge of powder, very SSd miiSies 

In such con- 

much reduced in order not to endanger the gun, fl^ct*- 
might be fired with a shell, and, in addition, a canister 
of musket balls. The latter would have all the force 
requisite to penetrate human flesh; and the shell 
would certainly have, at a distance so short, power to 
penetrate into the enemy's side far enough to cause 
great damage by explosion. 



SECTION VIII. 

History of Embrasure that has been introduced in the 
Coast Batteines of the United States. 

239. It seems appropriate to this narrative of our ^^^^^^"^f '"^ 
recent trials of casemate embrasures, to refer briefly IppVo"riIue. 
to the history of the embrasure that has been intro- 
duced in the coast batteries of the United States. 

240. The first casemated battery was completed in ^he aSt 
1808. It has two tiers of guns in casemates, and on«e uttSy!*"* 
in barbette. The exterior openings of the lower em- 
brasures are 4' 8" by 6 feet, giving an area of 28 
square feet ; and of the 2d tier, 3' 8" by 5 feet — area 

18 J square feet — ^the horizontal traverse of the guns 
being limited to 44 degrees. 

241. Within three or four years of the time just Jj^nbiir 
mentioned, two other casemated batteries were built, 
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each having a single tier of guns in casemates, with 
exterior openings of 4' 5" by 5 feet, area 22 square 
feet ; and with horizontal scope, one of about 42 de- 
grees, and the other of about 45 degrees. 

242. In 1815, the author of this report was called 
on to prepare a project for the defence of an import* 
ant channel ; and having been convinced, while em- 
ployed as an assistant in the construction of two of 
the batteries just mentioned, that the principles, and 
the details, by which the embrasures and the de- 
pendent casemates had thus far been regulated, were 
, erroneous and defective, set about a careful study of 
'" the conditions to be fulfilled in providing for the 
heavy guns of that period, mounted on a casemate 
carriage, that had already been proved and adopted. 
I: The result was an embrasure, having an exterior 
opening of 4 feet wide by 2" 6" high at the outside 

Fig. DD. 




line of the cheeks, and 3 feet high at the key of the 
covering arch. The throat being 1' 10" wide. This 
provided for all the depression and elevation of the 
gun, that the carriage permitted ; and also for a hori- 
zontal scope of full 60 degrees. Covered with a 
lintel, instead of an arch, the height of the exterior 
opening might be a little less than 3 feet 

243. The plan of this embrasure shows that the 
interior opening is 5' 6" wide, and that the plane of 
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the throat is within 3 feet of the outside of the wall, 
which, just at the embrasure, is 5 feet thick. 

344. A slight modification fitted this embrasure, 
when applied to flanking, or interior defence, to re- 
ceive at first a cannonade of large calibre, and of later 
years, a howitzer instead. When these latter were 
liable to be assailed by musketry, the outer cheeks 
were made en eremailldre (notched), a long-known 
device. 

345. It was with timidity and hesitation that the 
cheeks and throat of this embrasure were placed so 
near the track of the ball, when fired from the case- 
mate, with the maximum obliquity, and the results 
of an early trial with experimental embrasures at 
Fort Monroe, gave some sanction to the doubt The 
first two under trial, were built up with lime mortar, 
and were soon shaken to pieces by the blast of the 
gun. Another one, however, constructed of bricks 
laid in cement^mortar, sustained without injury seve- 
ral hundred discharges,* 



* Lleat. Huiilleld, then of the enginesn, nov Inipeotw 0«iiaral of the Armj, In ■ 
letter dated early In 1B30, ftt Fort Monroe, wjt : " let. On my arrlTsI at thU place, 
"in 162B, there was then Btanding an experiment embrunre, bnilt irholLj of oat free- 
" Btone, and of the same liie aa thoie here oonstruoted — ezaept that the cap was one 
"■tone initead ot mi aroh. Soon after the flriog throDgh thii embraBnre aoiameno«d 
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^nflJSed. 246. These last results have been confirmed wher- 
ever there has been practice from our embrasures; 
which, with immaterial differences, have since 1815 
been constructed in all our casemated batteries, ac- 
cording to the preceding description. 
ISSnlJht'o 247. This being the state of things with these em- 
1?^ITZ brasures of 1815, an increase in their strength had, 

pedient. , , 

within a brief period, become expedient, not to say 
necessary, by the augmented calibres in ships' arma- 
ments. 

How to give 248. It was considered that this strength might be 
given, perhaps, in part, by reducing the opening, and 
in part, by incorporating a stronger material in the 
portion where the quantity of masonry was unavoid- 
ably small, from the shape of the embrasure. 

249. The resistance afforded by the existing em- 
brasure to the blast of its own gun, justified the 
expectation that the exterior opening might be re- 
duced nearly to an absolute minimum, and the facility 
with which large masses of iron are now wrought, 
suggested that by its use to a limited extent, not 
only might a greatly augmented strength be secured 
against the effects of a large ball, but small ones 
migl^t be excluded altogether, 

JmbSLnres. 250. Our target embrasures were successively de- 
vised, ftirther and further, to test these ideas. The 

"it fell to pieces, by the mortar leaving the joints, outside of the plane of the throat, 
" and the stones separating and falling to the ground. 

" 2d. Another embrasure was constructed (of bricks) in the same place, and of the 
" same size, except as to the cap, which in this case was an arch of bricks only, laid 
" in a mixture of equal parts of mortar and humid cement. This embrasure fell to 
" pieces by the same means and in the same way. 

'* 3d. A third embrasure was constructed of bricks, like the second — being laid in 
" cement. This has stood a trial of 270 discharges, and remains uninjured. ~ 

" 4th. In each case there was about the same time allowed for the mortar and 
« cement to set." 

Th& same officer, writing in August, 1830, says : " The same embrasure'' (the 3d, 
above) " has had many severe trials again this spring, with a 32 pounder, and it has 
" not been in the least injured by the discharges." 



Uie of iron. 
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trials sustained by them have become a part of the 
history of the American embrasure. And if there be 
any force in the deductions drawn in the preceding 
pages from these trials — the improvements they sug- 
gest as to the materials, dimensions, form, and detaUs, 
are of importance. 

251. The embrasure applied since these experi- Jf°\^^"® 
ments, to our casemated batteries, and which may be 
called the embrasure of 1855, devised in accordance 

with these deductions, and of which a model received 
your approval, is believed to satisfy completely all 
important conditions. 

252. The greatly augmented strength and efficiency SS»rk^^* 
thus imparted to our system of national defence, will 

be due to the enlightened and liberal forecast which 
prompted you, as Secretary of War, to sanction and 
sustain the course of experiments of which this re- 
port is the record. 

Respectfully submitted, 

JOS. G. TOTTEN, 
Bt, Brig, Gen, and Chief Engineer, 
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PLATE II. 

Scale or 1" to 4'. 
Plan and exterior eleyation of first target. 



PLATE III. 

SOALEOF 1" TO 4'. 

Plan and exterior elevation of second target. 



PLATE IV. 

SOALS OF 2'' TO 1'. 

Figs, a and b. Plan and elevation of shutters of 1st target. 

Figs. Cf d, e,/, g. Plan, sections, and elevations of shutters of 2d target. 
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Figs. 5, 6, 7. ) Profiles of craters formed by 42 Pdr. canister shot, weigh- 
Scale of \, } ing Ij^ lbs. each, in hydraulic concrete. 

See Table No. 2; shots 8, 10. 

Figs. 8, 9, 10, 11.) Profiles of craters formed by 42 Pdr. canister shot, weigh- 
Scale of ^. ) ing 5^^^ ozs. each, in hydraulic concrete. 

Table No. 3 ; shoU 15, 17, 18, 19. 



180 DESCRIPTION OF PLATES. 

Fig. 12. > Profile of a crater formed by 42 Pdr. grape shoti weigh- 

Scale of ^. i ing 4} lbs. each, in hydraalic concrete. 

/ Table No. 4 ; shot 27. 

Figs. 13, 14, 15.7 Profiles of craters of 42 Pdr. grape shot, weighing 4} lbs. 
Scale of ^. ) each, in common brickwork. 

Table No. 4 ; shots 23, 24, 37. 

Figs. 16, 17. \ Profiles of craters of 42 Pdr. canister shot, weighing bj^ 
Scale of ^. ) ozs. each, in common brickwork. 

Table No. 3 ; shot 17. 

Figs. 18, 19. \ Profiles of craters of 42 Pdr. canister shot, weighing 5yV 
Scale of ^. ) ozs. each, in asphaltic concrete. 

Table No. 3 ; shots 16, 18. 

Figs. 20, 21. \ Section and elevation of a crater of a 42 Pdr. canister 
Fnll size. ) shot, fired perpendicularly against lead concrete. 

Table No. 3 ; shot 17. 

Figs. 22, 23. \ Section and elevation of a crater of a 42 Pdr. grape shot. 
Fall size. I fired perpendicularly against lead concrete. 

Table No. 4; shot 29. 

Scale of ' J ^^ ^^^* spherical case shot against iron work. 

Table No. 5 ; shots 46, 47. 
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Figs. 25, 26. \ Elevation and section of crater of a 42 Pdr. spherical case 
Scale of ^^. } shot, fired against asphaltic concrete. 

Table No. 5 ; shot 48. 



Figs. 27, 28. \ Elevation of crater of a 42 Pdr. solid shot striking left 
Scale of y^. ) oater edge of embrasure of lead concrete. 

Table No. 7; shot 49. 
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Figs. 29, 80. \ Section and elevation of crater of 42 Pdr. solid shot in 
Scale of ^j. ) hydraalic concrete. # 



Table No. 7 ; shot 64. 
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Figs. 31, 82. \ Effects of a 42 Pdr. spherical case shot in hydranlic con- 
Scale of jV- I Crete. 

Table No. 5 ; shot 41. 

Figs. 33, 34. ) ^^ , ^^, ,., , . , , ,. 

Scale of » i Effects of two 42 Par. solid shots in hydraulic concrete. 

Table No. 7 ; shots 61, 62. 
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Fig. 35. \ Front views of craters of two 42 Pdr. solid shots in 

Scale of :sV ^ granite. 

Table No. 7 ; shots 57, 58. 

^E' ^6* X ^^^^ elevation of craters of three 42 Pdr. solid shots in 

Scale of s^, ) granite. 

Table No. 7 ; shots 57, 58, 59. 

Figs. 37, 38. \ Vertical sections through axes of craters of 42 Pdr. solid 

Scale of 7^. I shot in brick masonry. 

Table No. 7 ; shots 65, 68. 

Fig. 39. \ Horizontal sections through the middle of Embrasures 

Scale of ^V* ^ ^^^' ^ ^^^ ^^ 

Figs. 40, 41. ) Vertical sections through the axes of embrasures Nos. 3 
Scale of Vif. } and 4. 



Figs. 42, 43. ) Vertical sections of craters of 42 Pdr. solid shot in lead 
Scale of ^\. ) concrete. 

For Fig. 42, see shot 70 of Table 7 : for Fig. 43, see shot 67 of Table 7. 



PLATE IX. 



Fig. 67. Outside of outer set of plates, as they were set up before the gun. 
Before firing, the heads of all the rivets, except that at a, were 
broken off. 

Fig. 68. Inside of outer set of plates. Heads of rivets whole, except those 
. at c and d. 
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Fig. 69. Oatside of inner set of plates. Heads of rivets whole, except / 
broken, and e partly so ; c and d were points where the plates 
had been stmck by shot. 

Fig. 70. Inside of inner set of plates. Heads of all the rivets broken off, 
except those at a and b. 
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